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1 3. ABSTRACT

t-An analytical procedure is presented for predicting the resistance of transom.-
stern hulls in the non-planing range -- specifically for voluine Froude numbers less
than 2.0. The Predictive technique is established by a regression analysis of the

' smooth-Water resistance data of seven transom-stern faull series which included 118
' separate hull forms. -

-The statisticalf~'-based correlation equation~ is a function of slenderness ratio,
beam loading, entrance angle, ratio of transom area to maximum section area and
volume Froude number. This equation can be used to estimate the lowi Frouder number
resistance of planing hull fonms in the early stages of design.
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if

An analftical procedure is presented for predicting the resistancea

of transom-stern hulls in the non-planing range -- specifically for volume

Froude numbers less than 2.0. The predictive technique is established by

a regression analysis of the smooth-water resistance data of seven transom-L stern hull series ihich included 118 separate hull fornis.

The statistical ly-based correlation equation is a function of slen-

derness ratio, beam loading, entrance angle, ratio of transom area to

nr-aximtmn section area and volume Froude nw-ber. This equation can be used

to estimate the low Froude nun-er resistance pr~laning huil forms in the

early stages of design.
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I A. i coefficient of resistance-esthnating Equation (5) or (6)

3A 1  transverse section area at transaT,, ft2

W- AX miaximum. transverse section area, ft?

3 bean, in general, ft

5 waterline beam at transact, ft

X max imut wa terli ne beana, f t

rCA correlation (roughness. etc.) allewance on specific resistance

ME block co-efficient

C specific frictional resistance (e.g.. Schoenherr formulation)

C9 nidship section coefficient

IC~ longitudinal prismatic coIcin
5C~ Telfer's resistance coeffic~ent, I/Abr

speed co-effkcienr (used for planing burlI analyses, especiallyl,

Co waterpiane coefficient

3 C4  ~static beam-loading coefficient. Au =vs

i half-angle of entn nce of water-line at bow, deg

L iL length. ia general)

L- wetted length of keel (see Fig. 1,f

lenlgthl betweefl oerpefotiurs (at ucesign -rteleedns, H
Ppaelieedio) f
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:I length of5 water) ne, ft

F 1b ditneof center-of-buoyancy from . ft , positive af~rt

LUG disa-ce &j" c-enter of gravity froa, ftr * positive aft

R resistance, in general, lb

a1. total resistance for craft, lb

R residuary resistance, lb

FS Wettet. surface. ft2

T draft (axinxn), ft

41 (parameter in resistance-estimating Equation(6)-

V soeed, ft/sec -

V A^A (Parameter in resistance-estimating Equation (6))

vi specific weight cof water, lb/ift *

A 9 /L,, (parazeter in resistance-estimating Equation (6))

f- trraster in resistilnecg-estimating Equation (6))

V' coefficient in equation for estimating effect of variation of LUG :
Iz. resistance (Eq.8-l, Appendix a)

d-eadrise angle. deg

S. coefficientcfin equation for estimating effect of variation of LUG
or. resistance (Eqs.S-l.B-2. Appendix ;-)

Coefficio,_:t in equa-tien for es tima tnq effect of variation of LUG
on. resistance (Eqs-B-Ir.8- Appendix !

;LCi postion p-araseter. see Appendix B

crcaft displaced volux-e,

m ean wetted lenqVIn-beau ratio see Fig. I

cbi'e wetted ienmath-bzemi rv-tk (see Flgq. 3

t. sewetted-length-bemu ra-tio, tere flow wiiich separate-e facnwa
-v nzach to side of prism~atic hull (see Fig 0)

r tri a-n-te of pianing area. 4;3

-CA
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W marirna craft designed as planhig b-ulls are intendgad to be stal)

high-speed boats operating at volume Froade nubers ar.?-ater than approxi-

mately 2.3. When properiy confiqu rd, planirg craft are ch&aracterized

by a transc stern and hrd chines to provide for early fl separation

Ifro the transom and chines; by straisht buttock lines aft to develop

positive dynamic pressures; and by a combinatio of lo--din and center-

of-gra-vity location to assure soe positive hull tri and ca--rie

emere-ice of the bow when "planing." For su.ch ope.-atin conditirns,

prediction procedures, as given by Savitsky" and fadier ror prismatichi or ms. provide guidance in flaki.-g sso_-oth-wnzcr p-ro--t stimtes.
In fact, these procedures can be used to iden-.fy planing inception to

ocur at that speed zt which the computed wetted keel length is '-Ss than

the LWL of the hull so that the bvM is lifted clear of the water.U Every planing hull Iust, of course, pass through the non-planing

speed rance t hen the bow is in-rsed. Further, altI-uh an origi ds-

isiga may have been a successful planing hu ll, in t-ims its payload may

iincreasa so that it is no longer capa-ble of -training planing soteds.

Also, in certain i I.i tarv appl icatio-s the constraints i---s3ed up o axi-

c draft, beam or iengih of the craft, c-entrally result in a boat which

1 s too small for the specifid pavyload so that the bow is i=zsrsed throin-

out the speed range. For these mpani.-n conitions, *-here ;s no

I analytical procedure for estimating the srncot-water perforamnce -nor for

nrnvidi desin ."'1ldarr- in selsctinc opt; JIMn h dicensioaws and pro-

Dortions. It i s necessary t^- resort to model tests, or to planing hull

LIseries data, if appi cabie to the contemplated e~l

The purpo-se off the present report Is to nresen' an analytical Oro-

cedure capab-e of pred-Jicting the hydrodvs-.aic resistatce of tr-s ste-rn

hul Is in the no s-piainh range -- specificall. for oUe roud w- e-r

equal to or less than approninately 2.0- For ai ther speeds. it is ex-

Pected that tMe planin fefla~ tL..s of fReference I wHi be aplict*ie.



mhe nkc.-iafltfl predictive technicue *s estabilsted by a regression

analysis of the soozh-.azer resistance data off Seven tranc -ci-torn hull

series which inciuded 118 seoerate ball ons The analysis oier~vesZ

ness ratie,, beam oaoinh.waterlfne estran: at:.e :--'ratio of tr-aI:

sati t IclbseCcar eltion aTcisuation ciich is as- fctno sr th

resistanice ofother fors in t eearly casof deiq. e-parate e--za-

tocare idevelocr=d for-. ecch volt~ rweuc- n-r

A crlet desripionof the characteristics of the 118 -=odeis ofa
t ~the Seven trannt=-stern h Series. inldn oalan-s. 6cm and4 stern

Prof -Ies, des I.an water inmmem dinms, afnd the resistrr &raceisic.

arc containe-d herein. A brief anmalysis of the effect of LEG cm resiszt

arace is also presecnted. 1Ilustrative exa les are inlija.ed d-nsratirm

thef applicatiop- Of the predictive teh~oato several ad hoc= hull forms.

The effect of ch-anoes in forn parameters o-n re-sitnesda -ttd

-- j1 f:aj W. the statistical accuracy ofc the rdcaeroduei

This st-1ud a- spnsored by. theV Nawail Ship Syst=- tc-rzwnd -ad

eh .11istered by 'he Offlee of Mayva) Researrh imirC- trariWa 44-

otctyi
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HYDRODYM1AMIC PHENOMENA

RELATED TO PLANING HULLS IN SMOOTH WATER

In order to provide a proper perspestive for the results of the

present study, a description is given of the hydrodynamic phenomena

associated with transom-stern hulls when running in smooth water over a

wide speed range.

a) At zero and low speed, planing boats are displacement hulls,[obtaining their entire lift by buoyant forces.A

b) As speed increases, to speed coefficient (based on transom

beam) Cv =V /V9_ 0.50 ,there appears the first visual evidence~ of
the influence of dynamic effects upon the flow patterns. Complete venti-

lation of the transom occurs and appears to be independent of deadrise,

trim, or hull length for typical values of these parameters. Also, as

shown in Reference 1, there is a loss in resultant hydrodynamic liftWK
wher compared with the purely static lift corresponding to the draft and
trim of the craft. The bow is, of course, imnersed at this speed and adds

to the total hydrodynamic drag.

c) At speed coefficients between 0.5 and 1.5, the dynamlc effects

produce a positive contribution to lift although, in most cases, not

suffciet to result in a significant rise of the --enter of gravity or
emerenc efthe bow. -Gene,-ally, the flow has only slightly separated

fromthefcmmard !ength of the chine so th&,t Zhere :s signifcant sile

wetting. In this speed ranote, the craft is-snily a h! gh-speex!

displacement hull. It is within -thi!; speed range, wherra there is bow

innerson nd arg sie wttig.that 3 suitable enaltdm-I.,Ld rocedure
for resistance estimates does 'xot 0.st This i~essentially the Speed

area covered by the present study.

d) At speed coefficients I arger than approximately 1.3, a well-6(I designed planing boat shou~d-dave-lop sufflclently large dynmic lif t

forces to result-in a si-gnificant rise of the center of grav sy, -sme

I3

&k
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positive tri-m. emerqence of the bow, and separation of the flow from the

hard chines. The hydrodynamnic resistance is due to the horizontal com-

ponents of the bottom pressure force and the friction component of' flow

over the bottom. There is no bow contribution to drag.

it has been found that the flow which separated trom the chine may
reattach to the side of the prismatic huill at some distance forward of

the transom for certain combinations of C ,T and mean wetted lengqth-

beam ratio X .An empirical formulation and confirming test data for

defining the extent of side wetting are given in Figure 1. The slope of

the line through the data is:

~c1  A = C s in 'r(I

To define the operating conditions for the chines dry case, X should

be equal to0 zero. From the wetted area relations given in Reference 1, it

can be shown that:

I tanlB
XA (2)

I 2nr tanT

Thus, for chines-dry planing of a prismatic form, it is necessary that

Ca X 0.16 tanP/tanT (

This formulation is conservative for typical planing hull forms

where the transom beam is smaller than the maximum beam and where theI

sides are not vertical as foi the prismatic models, but have tu.* Iehome.

The trim of a p~arning craft usually attain~s its maximum value, re- n1
ferred to as hurmp trim, at speed ciefficlents of approximately 1.5 to 2.0.

As the speed increases, the trim decreases again and the wetted keel
length inres. Opdngunthload and LCG position, the bow may

again become immnerse~d whenv the speed coefficient is sufficiently high.
Theplaingequtios o Reerece ca beused to determine the velocity

7ad ditonswhe-bw, -,rersonWIll reoccur. In these high-speed
cazs, he ow ra -i re-Ptisrelatively-small since the large rise of

th& oats-cnte-of )rvit asure ony sallInmersions of the bcw.

4
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it ~hisdbeen observed that the planing performnance predictive techniques fr

ofReference I provide reasonably realistic results at these high speeds.

e) Suginary: Figure 2 illustrates quantitatively some of the plan-

igadnon-planingfetrsdsrbdaoe Thsmohwereitnc

and rimareplotted vru oueFo~ ubr ( /lv/ o

heL/B 2 hull tHodel 4665) of Series 62 planing forms (2eference 3) .

F 1 sue as the absicca since it is the speed coefficent used by

Clement and Blount in Reference 3. F~or this case, F I .5 C

The unshaded areas on these plots idicate the speed rpnge where

the wetted keel length, as measured in the model tests, is l-ess than the

LIIL. The circles represent tne trim and resistance as computed by the

pian'sng formulations of Reference 1. In the specd range where LK < LWL.

the bow is esserntiali clear of the water and there is good agreement

between computed and measured re~ults. For F less than approximately

2.0 where L > 1341 , so that the bow is immersed, the measured resist-
K

anc isconiderably larger than that predicted by the planing fruations,

thus illustrating the large influence of bow ir,-nersion. This effect is

particularly evident at the forward position of the LCG which exaggerates

bow immers ion.

At F larger than approximately 4. when LK is again larger A
tha LL, the computed and measured resistance are reasonai/ly .-:-3rez.-

SLment, thus demonstrating the less serious effect of some bow ismiersion

in this speed range. it is also to be noted that there is agreement be-

twenmasrd n cmuted trim a~gies in planing range when F 2. 0.

It appears then that the develovirerit of a rasistance predictive
procedure for transom-stern planing bulls for F 2.0 is required if

PVy

analytic'-il preiictions o. performance are to be made over the entire

s-ee reime itis recognized,of curse. that the installed horjepo er

considerablv larger than for F~ 2.0 . However, t:e usual cruise speed

0~ s~lia" i'Utary Craft is in t-he range of rl I I U1I:! . This is the speed

range wherein the craft !4erates for rmost of its life -'nd, hence, requires

:,ome rational design guidance, in order to achieve h-Ic resistance -for

SA
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maxImLxn fuel economy or for the selection of cruise engines separate

from the main high-speed drive engines.

The subsequent sections of this paper are concerned with the de-

valopment of an analytical procedure for resistance prediction in the

non'.planing speed range.

AI

9-lU
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K
DESCRIPTIONS OF AVAILABLE METHODICAL SERIES

The development of'the resistance-prediction equations has been

based on published results of resistance tests carried out for several

methodical series of tre-nsom-stern craft. These methodical series

results afford the considerable advantage of being relatively well or-

fganized and 4docunented and, hence, the itiformation required such as hull

form characteristit-s cani be more Ireadily ebtained- than is the case for

most ad hoc model test results. Since applications are intended espe-

cially for relatively small high-speed craff, without skegs, certain

E ~~notcosdr.

The chief characteristics of the model series are ex-hibited in

ITables la-g. The descriptivz information cont&:xed in. these tables in-

cludes statement of authorship of the publication containing performance

I results for the series (complete information on the source publication
is given in the list of references); a tabu*ation zf the range of values

of geomnetric characteristics of the models of the series; a brief des-

cription of the noeiber, construction and size of models used, together

IIwith infIormation concerning turbulence stimulation, if used. and the

__range of speeds used for the tests; local-ion and size -41 test fa'cility;

the figure number in this report which c~,ntains the body plan, bow and

I sterni profiles and design waterline endings for the parent form of the

series: remarks concerning the characteristics of the hull forms and the

__ I expected operational regims of the c;-aft; a brief descrip..-ion of tbe

manner in which results are presented; the friction correction method

is noted, and, a listing of other related investigations besides re-
sistance testing.

*U
~ I The tabulations of ranges of Qewcetriiz, characteristics of "he seven

series covered are combined in a separate Tablel fI fr contvenec nm

Jing comparisons. Complete listings of the geometric chara4:ter~stics of

each of the 118 models of the several series used in deriving the

1_27
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resistance-prec'ction equations are given in Taies iiia-g. flor.cnadu - -

is in accord with the ITTC standard listing.

Complete listings of the resistance characteristics derived for

each t f the 118 mdels used are presented in Table lVa-g for total re- 
-_

sistance, in terms of lb/!b-displacement for a 100,000-lb craft in

59°F S.W., with CA = 0.0, and in Table Va-g for residuary resistance,

lb/lb-displacement. Values are given for eleven values of volume Froude

neter, F , l.0,l.l,l.2,....2.0, which are considred to cover the in-
nV

teresting non-planing speed range for virtually all of the vessel forms

concerred. The 1947 AUG (Schoenherr) frictinn coefficients were used

for extrapolation from model to full size with one exception (noted in

Table I): for the SSPA series, the residuary resistance coefficients
Q

presented by Lindgren and Willims' were determined using the 1957 TIlC

friction coefficients. Over the range of speeds cv sidered, the residu- -
ary resistance derived using the IT coeff!'ients is ower than those

derived with ATC coefficients by I, as than about 2.5%. The difference

in total resistance is less.

3M
:5 ZE

8
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DERIVATION OF RESISTANCE EQUATIONS

The resistance results for the )18 models of the seven different

series of transom stern hull forms have been analyzed to derive a statis-

tically-based correlating equation which can be used to estimate the

resistance of other forms in the early stages of design.

PREVIOUS ANALYSES

r-_ 12i Doust first applied the method of statistical analysis of resist-

ance data to trawler bull forms, using data for all trawler models tested

f _in Tank No.!, National Physical Laboratory, Teddington, England. The

residuary resistance coefficients were curve-fitted at four speed-length

ratios, V/in/L = 0.80, 0.90, 1.0, and 1.0, deriving equations by the method

of least-squares which express the resistance as a function of six form

parameters L/B, B/T, CH, C, LCB/L (%) and i J. The equations derivedt pp e
j contain 30 coefficients for each speed para-meeter. The resulting equation

produces predictions of good accuracy compared with model tests: "the
F differences between seasured and calculated resistance coefficients

(C = RTyL/d, for 200-ft j vessels) were liss than r1 for 95 of the

cases except for viA/C 1.00, where the rate of change of C with VA/C
AM is quite high, and the differences here were v ithin 5% for 85% r-.f the cases.

Doust has also applied the method of least squares to ar3lyze pro-
pulson data for trawers2il3 and resistance and propulsion data for

Srandom high-speed merchant vessel forms.14 This type of analysis has also

been applied by Sabit to data of related forms including Series 60, and
16the British Ship Research Association methodical series of merchant ship

A very interestring analysis has been undertaken by van Oortmerssent7  3

of the Netherlands Ship Model Basin in which the speed dependence of the

resistance is incorporated according to some concepts given by Havelock.'8

I1 In this way a single equation can be derived which is valid over a range of

speeds, copared with the method of Doust in which a separate equation Is

- - - 7 ThE_ - -
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r~~equised ,v t , . ...s~ peed- An additiriial advantage is that it may be ex-i pected that sc extrapolation beyond the speed range of the input data may

be permissible since the speed dependence of this equation Is theoretically- I
based. Application of this method to random data for small ships such as

trawlers and tugs resulted in an equation which gives predictions of lesser
12,1accuracy than those reported by Doust. 13 The differences between meas-

ured and calculated resistance are less than 12% for 90% of the cases.

For the present analysis, Doust's type of analysis, i.e., a separate

equation for separate values of the speed param-eter, is applied rather than

van Oortmerssen's. The reason for this is that theoretical analyses do not

provide comparable guidance for the speed-dependence of the wave-making re-

sistance of transom-stern craft, as they do for conventional stern vessels.

The present analysis is intended to cover the hw.np drag regime which

generally corresponds with the last and largest htp in the curve of wave

resistance versu; Froude nurber which exhibits significant oscillations

(humps and hollows' over the iower speed range. At higher speeds the craft
w;l! either achieve a plaing attitude or drive through the water in a dis-
place-ent mode with an approxim-ately constant wave-resistance coefficient

substantially less than the maxipum hump value.

Particularly useful cuidance to the analysis of resistance of small, I
7transom-stern craft in this speed range has been given by Nordstrotmix whose

observatiuns were revieed and extended by Clement. Nordstrom found

that for this speed range, the resistance per lb displacement for a given j
vaue of voi-e Froude r.ucber F = V/gi , is most strongly dependent

nI
on the slenderness ratio, L/V2 3 is, indeed, a highly impVortant parameter

in regard to the hump resistance. The dependence on other parameters in

addition to a more complete exposition of dependence on LNA. Is detrmne

-- by this study. Q

DATA A%9 EQUATIONS USED IN PRESENT ANALYSIS I
The total resistawcel lh per lb dispiace -ent, for eleven Froude

numbers, Fn% = 1.0, 1.1, ... , 2.0, given in Table lVa-g for the 118 rodels

of seven series were used to derive equations relating the resi-stan-ce to I
some of the hull form parameters listed in Tables! ila-g.

10



Ior the shorter, wuiier forms used (e.g., Series 0Z,63), the

residuary part of the resista;nce dominates the total resistance -- ;n some

cases accounting for over 95% of the total, while for the longer, finer

ferns (e.g., Series 64). the frictional resistance predominates -- in some

cases accounting for 75% of the total. Since Re/A is especially small for

these slender forms, it was found to be difficult to curve-fit equations

which produced good approximations of the RR/A values for the slender

forms. It was decided to curve-fit RTA since equations could be obtained

which give reasonably good approxiirnations of the measureaents for this case.

Since the RT/A values correspond to ships with displacements of 100,000-lb

S.W. at 59'F with CA = 0.0, corrections ought to be applied for other con-

AAiF ~ ditions of dispiacements, C A, etc., which depend on the hull's wetted sur-

face. Methods will be shown later for estimating the wetted surface and

iffor making these corrections, which are usually not very important except
for rather slender craft.

IG Four parameters were selected for inclusion In the resistance es-

timating eauation:

~ I I. -V since Nordstrom has demonstrated sts imotn ce

2. C, -A/w33 = -- since planing performance (particularly rou'-h-

Iwater performance) is strongly affected by this par&eter ant

may be expected to have significance for high sub-planing speed
3. -- waterline half entrance angle. since preliminary graphical

I correlations suggested this paraeter to be preferable to 118.

4. AT/AX -- ratio of transom area to maximum section area since

hydrostatic and hydrodynamic considerations :i dicate the sepa-

ration of flow at the transcm may produce an increment of re-

sistance (cavity drag), this parameter is included.

Additional parameters which are known to have substantial effects on A

resistance in some speed ranges are omitted in the present case for partit-

ular reasons. The LG locations are generallv not varied for the hodical

series whose results are being used for this analysis. However. so. a] of

the oodels of the different series have been tested with varying LCG loca-

tions and results suggest that the rep,rted data (re-presented here in

1±-
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Taouts iV and V) correspond to opti-mun or near-optimum LCG conditions. I

An approximate method for correctinn resistance predictions to other I CG

positions is presented in Appendix S, based on results of tests on Series )

62 hard-chine models (Reference 3) and Series 63 round-bilge forms (Ap-

pend A). Other parameters, such as deadrise angle and hard-chine or I

round-chine shape, which are important for planing speeds, are felt to be

of lesser significance for this lower speed range. A complete presenta- ""i
tion of the relationships awongst hull form parameters for the 118 hull

forms will be given with a discussion of the range of applicability of

the derived equation in the next section.

Actually, V 7LwI was used in the analysis because the resulting
X equations, especially with reduced nunbers of terms, gave slightly m:re

favorable fits to the data. Inspection of Nordstrom's resistance cor-
S relations suggests that / A costant/tLJvi),very approximately.

JmThe wiateln t-trc-al.3 enters the eQuations: as .'Zie

a form suggested by the Frel i-inary graphical analysis. mhe symbols used

in the curve-fitted equations are denoted:

XI

iF (4j

S, U=42i.,

All dimensicos -ised in form ing th6ese c-oefficienits should corresoondI

to waterline measurements from the liles plan at the stillwater (V 0)

draf t and trima and Axare the roxaiwr w4aterline breadth and section1
area, respectively, which, in ger,eral, d not occur directly an.;dships.

Least-squares curve-fitting was applied, starting &i a e-_nera i L
27-terna equation, viz.,

RdP, +a = ZA+. ZA A 7W4AXZ.-WU+%W4ADZUA N LVA .4flXA V 3 e

A~l4AsI 0 ALAX t P:2 -Ks -7ja-I v A*72%

|-i

and terms which were of small stgnifizance eliminate: until fJr er ehmin-

etion of terms produced a !SaificatA degrdto oftego1es1fft, ~

IS2-12
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V as judged by a) the average of the absolute valuv of the per cent -

ference between the measured and calculated resistance, and b) by the

square root of the str' of the squares of the differences. Figu!re 10

shows the variations of these parameters as a function of the nmber of

S=I terms retained in the course of arriving at equations for Fn. 1.5

Two calculating sches were used: in the first, the least-squares

method was used to minimize the magnitude of the differences between the

measured and calculated resistances, while in the second, the imethod was

used to minimize the percentage differences. in both cases the elimina-

tion of terms results in the same tenms remaming in the reduced equations

S3but the coefficients are slightiy different. For FM = 1.5, the goodness
r tof fit is only slightly affected by reduction in -unter of terms unless

fewer than about 10 terms are used.

FINAL PREDICTION EQWAT10N (A = 100.00 La)

A reduction of ntuber of terms retained for the equations is de-

sirable for two reasons: a) with more terms, the equa-ons may "fit"

the data better yet give a poorer interpolation forla for use in ad hoc

cases, since the dependence on the parameters will in general be less

"sooth" with ---re terms, and b) the equations adopted. while not trivial,

may be calculaced without excessive difficulty with the help of a modern

electronic desk calculator (having mezory registers, preferably) in lieu
of a programed computer - if only a few cases are required. The equa-

tions selected For the eleven Fn's invl.ve i4 term:

'I= A,i- A X-- A ii A4 --- U-- A in- A nsn Ag B( A

+ A1 QX 4 A, 2X+ A2 4 Lt?+ AW~n j6
119:

Valuzes for the coefficients are givei in Table V! for a displaceneant of

100,000 lbs. Some of the 14 terms are cninted in each instance arid in no

case are 00re than i3 e.s teque -re ' . -- vqucatofs and coeffic-ents
are based on t scheme of minimizing te percentage difference between

measured and c-iculated resistances.

13-
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Rencze o? Appiicability -

An -piricaily-based resistance equation may be used to estimte

the resistance of craft whose c-haracteristics fa!l within the range of
ch-racteristics etodled in the nA.els whose resistance data were auplied

to derive the equation. Attepts to estumate resistance of craft which 1
do not have such characteristics mist be considered speculative 9o a

greater or lesser extent. This warnog. which is given by all authors

who have developed empirical resistance-estiiating equations, is perhaps

especially relevant for stall-craft applications where designers often

adopt "unorthodox" hull lines, either by choice or becase of exigencies

of design.

Hull Proportions and Loading

The range of characzeristics of the models used in the development

of the present resistance-estmating equat ons are exhibited in the cca-

piete ta-l ations of hull gqemetric characteristics given in Tables liia-g.

To assist in determining whether a given hull form ccmes within the range

of pareaeters represenited by the models wh? :h were used to derive Eq.(06),

plots of the various parameters are given in Figures 11-16.

V,3Relation Between II an nd '
e WL

Figure I shows the relationship between thcse tweo ic--rtant oparam-
eters for the series models used. The boid enclosino line indicates the

recnended limits of aniica i lity of Eq46). In general, for slende-r

fors (LL/V./ > 8) entrance ancl-lc should be low while for fuller irnts, *

entra"nce angles ay be rather high cw4ng to the in-clusion of the Series 62

data.te

Rela on aetween A..! and /V

The plIct of A/An versus L /V ive in Fiire 2 shcws that in

the i t ras 'o- V - Ar( cannot ofce_ too 1Cw and for laroer
Ld -V113. -

L.-J -s. maTA sust -benar,.-Q. Again. Ser es 62 accounts for ex-

tre---e values of AT/Ax as well as i for ioacr ranczt of L

14
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? 7 " l e | # t . ', B e t e e n C a n d " /

V, --h .e ie-ding coe-zffI-cient C -my be ex-pressed 4z, -ens 0of the-

encth-beam ratio an-A i,./, Z •. En e form

1/3-*I/ !S shon plotted as a runcnon of i X  jar the v-.-dels of-
interest in Figure i2. A co.n'enient relationship between the para-rters

may be expressed as

I - 3.5 + .0 5 -.s 8

from whjc.h it is possible t - determie whiether ti.-- loading toefficie-t

for a given design faills wi-I'in the requ-rc: ra&.ie circ--=sribed by the

I lmis for the series forms.

As siot in Ficure 14 the folicmiing costbinations of AJA and
are applicable to E-.(5):

n .42 4:-2.

0. 1!-27.5 9
0.-o 0.70 -7 5i

foir the special cases Jntro&d-ced by the Series 64 batd SSWIfrmA

(AJAL = 0.4 ; and 0.42) and the PL mdeis (0A = 72), the range of

iVersus AJAY is extended to scmewhat lcacer valuecs while Serie1s 6,2e I
accounts for most of the larqe- tra-som area rar'os as wer;- as -Aterine 11
entran-ce angles.

Relation betwee-n C. andnFlr 15nthforoY'x"

This re'-aas is-o

-_- !-

---_.2X



Aina bold an opsregioen of L li~ hence.e v,,'s- i rot

Relation 8ietwe C4. and A~I F;gure if- presents Lwi d-z t A fore! of the
: deis Whiose resistan-ce Gdat;: were used to der ive Eei6- be- in n

velopes the- region ofappiicabiIi ty of Eq. (6I

it shotxuld be baein z-ind that ti-, Painsters :wovdin the re-

sistance euation =-ay no esuffiin to asst~ce that an ad ho --raft is.

in fact. " orthodox1 "l in the sen-se that- the eouazz3ic~n =ay be apoi-ed reli-

nbN- y the fioures shot--wna bodSy Pizns and boc xid stern shapes provide

F.further- giidance. Conxsideration of the diversity off forcs shcran by t-hese

clans ir.d!cates that the iiMitations of orthodoxy r ecumIr erd of a desi-un
arenotinlexibly cirtx-~ hd but rather free.

As more experience jacxuatdi'sngEQ.(6) to Predict rt-

sis tance fo r ad hoc- huPll forcms and ccnparisorns nad_ wift codel teSt_

r-esults- for these for---, it my be possible to 00odify the -iimits of ap- 7

pl icabi i ti depicted in Figur"s 1-14. For the present time these -=cits.

which preclude substan--1tial extrapolar ions outside the rance of paranet-err:

used to d v"E6'.are recam-eneo.

troude ihizt-er

The rangze of isnlte Froutde number, F_ = for Aiut1 eQ. (y

apples, is bettreen I.0 and 2-0. Coefficients of the equation ae va-u-A

i ~ate-d r. Table VI for elevenm spec-ific Frousa'e nirbers: 1-0; .J. L27. H

U L-A

shipstere IIsts he ts f£Ei .focl of thes o-e iels of siithe
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Ldependent on "CG positioni.

Appeird ix 8 cort,;ns a brief an~d apprcximate analysis of the influ-
FE cnce of variat-ions in LCG position on resistance as a function of F71/3-n

Land 1 Equations are derived f'ased coa duta for Series 62'WL/V e4 1with St/me new data for Sories 63 models (included In Appendix A, *~c
havdelsmwhath f i e rul bo waterline endins and rd higes Tohereqa

ar ei o esdats ha Eq.(6) and, henze, are %o~ee Obco-dre ob
~ I ravner less reliab!e for predictir.3 car still be expected to povIc

useful desion qud,an.c.

[~I Accuracy of -Prediction EquationL The total nL.nber of~ resistance data points in the "rose p laning"
range was 1285 for 118 models at 11 values of F (some model tests did
n~ot extend to the highest speeds). The distribution of the error in
prediction of the low speed resis:tance is giveri ii. Figure 18. The dis-
tribution appears to ue Iprxmately nom~al. The differences betweenTit e zre and calcula d resistance are less than 10% far 9M% of the
cases.

Corrections for Other Displacemnents

Resu~lts are given by the Eq.(6) which applies to craft wiith W00,000
lb displacement in sea water at ';9 F, based on Schoenherr's ftiction coef-
ficients with correlation ali>4ance C =0..0 .For other values of dis-
placement, water conditions, Cl -or friction coefficients, the results

I ican be corrected eiccordlng to the relation -

~ if Corece vale o R00

31i
17- -
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RT I
h ) = value of PI for A = 100,000-lb SW, from Eq.(6)

- = Schoenherr friction coef.lcient corresponding to
F10 0 ,0 0 0  it

F_ 32.2 x

n 1.2817 x!O 5

YC friction coefficient for corrected displ3cement, -I
CF water conditions, etc.

- RS = wetted surface

L The indicated correction will be small (perhaps insignificant) for many

cases, especially for low values of L/V1 /3  where the residuar- re-

sistance dominates the frictional component, which is cornon in the 4

hunp-drag speed range. Tabulated information in Tables IV and V gives
4

guidance on the proportion of residuary to frirtional resistance for
the models used. The correction may be significant for slender forms

having low values of residuary resistance and relatively high wetted

surface. The tqetted surfaces for the models used, having transom sterns,

-J may be estimated rom the following equation which was derived fron an

analysis of the stillwater values for the models of the series

S/V2 !3 = 2.262 L + 0.046 -2-+0.00287(-*)J (
T

which predicts S within i for 95% of the cases used,

An alternative formula for estimating wetted surface presented by
J .20Marwood-and Silverleaf Is

s 2/ 3  Xv I' x :
=V \ .7 V- - x + ,, (_-

-A

which exhibits a deperden.e on block Coefficient.

A
-7I

- - -- _ - !8 -~ ~~-~-~- -
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PI~jiii7G ';ZSTANCE EQUATIONS

IF -or the speed range whiere the craft is truly planing, i.e., when

the flow hes separated from the chines and transom and the wietted hull

i ength is less than 1WL So that there is emergence of the bow, comiputa-

tional -methods are 3vailable for prediketion of hull performance in smooth

and rough water. Although these predictiq techniques arr concerned

with prismatic bull forms (constant bean constant deadrise, buttocks

parallel to the hull), they have been su-cessfully app!lied to actual hull

I ~~forms by proper selection of an 'feiective," cons,.ant deadrise a~d1e=n

Savtfsk presen~ts a procedure for predicting the smooth-water equilibri~rrn

conditions 6f a Planing hull. This work has been programmed for high-

speed CoMputers -and is generally avalable to the sma!i boat naval

arch'tect. lHadler extends this work to inc~ude the effects of appendages
and the direct and induced flow effects of propellers. Unfortunately. a

computer program for this extended configuration 'Is not yet genc-rally a-

vallablo. to the small boat naval architect. Frhsma presents the re-

suits of a systetnat~c study of the effects of deadrise, tr'w,. loading,

length-bean, ra~tie, speed, and sea state on the per-formante of a series Of

prismatic planing hulls operating in irregular wavss. The results ofl

thro:c pa~ametric studies -ire swwx'rized in Jesign charts which enable Pre-

dictions to be ,ttde of the motions. added resistance and impact accelera-

jtions Of planing hul n a sco Av

These planing hull computational proceedings are not reproduced in

this report since they are readily availatle to the small boat desiener
in the puIictie~.The application of these techniques to the hdo

j dnamic develovevent af a planing hull designed for rogh-warer operation

is demonstrated by Savitsky, Rorker. and Bernen.a

When these planing predictiorn teahniques are combined qith von

planing resistance equr-tic"rS of t?-e present study, the small' boat desisgner

Las available a procedure for predicting planing huh-1 reslst &m- for a

wide speed range. The appflcatilon oaf this combin'ed pro..edune to^ serie5

*SW
19
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hulls; and arbitrary hulls is demonstrated in the subsequent sections1

oil this report.

R~
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APPLIC-AT ON

RESULTS FOR SERIES MODELS

Comsparisons of the calculated resistances with the measured values

for the NP series at three values of Fr. viz., 1.1, 1.5 and 1.9, io'

Figures l9a,b and c, respectively, illustrate the dependence of resist, ice

or; the geometric characteristics varied in the series as well as showin.,

the extent to which the results agree. The " carpet"l plot is used so that
490 euvso s- / gis a be shown as well as the iso-V

curve oeaant 4 2 a
curves against L. /LI 3, which are similar to the correlations originally

I presented by Nordstrom7 for small craft, While the correlatio, between

measured and calculated resistance is generally satisfactory, the undula-

N& tions exhibited in the original model data are not reflected in theU calculated results. However, the dependence of resistance on U (which

depends, for the NPL series, on LIS) as well as /1 V3 is apparent.LlW
Resistance results for two Series 6-2 models at the nrxminal standard

LCG condition are compared .a Figures 20a and b with calculatic-tis accord-

I ing to the nun-planing equation. Also shown are results according to
the planing equation,1 which is applicable over the high-speed range of

operation. it is gratifying to note the relatively good continuity of

the two calculation methods for conditions twhere they overlap, or nearly

overlap, in speed rang- around F. 2.0 (see especially Figure 20a). O

Me6 effect of variation in lCG position on the resistance of the

shortest, heaviest model of Series '02 are given in Figure 21. Calculated

results from the resistance-estimating equation, corrected according to

r ~e reccarimended approximate method (Appendix f), are shown as well as re-

suits frori the planing equation.

ARES!JLIS FOR ARBITRARY CRAFT

Prediction; of the resistances for steveral craft which were not
used in developing the resistanc-staig Eg.(6) are compar d with test4

21I1Z71T ON~ 
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results in Figures 22a to f. Predictions according to Eq.(6) have been

corrected to correspond to the conditions for which these ad hoc test I
results were expanded. Hull form characteristics and displacement of

these craft are given in the following Table VII.

TABLE VII

AD HOC HULL FORMS FOR WHICH COMPARISONS HAVE BEEN MADE
BETWEEN MEASUREMENTS AND CALCULATIONS OF RESISTANZE

Designation /VLv e AT/AX L.lb S// Figure

Nlordstrom,30-11 r, 1.84 0.972 13.93 0.516 47,400 6.45 2a

h I
Nordstro7.44-f 7.33 0.491 7.36 0.33 60,300 6.00 2Zb

DL-188 ', 5.6 0.228 26.80 0.62 10,.000 6.87 22c

DT 4 '315  5.50 0.21 18.4 0 0.65 iooOO 7.45 '!Zd

Series 50h,4 7.10 0.208 17.70 0.47 100,000 - 22e

Series 50"' 6.34 0.171 21.40 0.47 100,000 - 22e-J

DL-Ah 6.63 0.436 17.30 0.60 380,800 7.46 22f

Footnotes: r round bilge

h hard-chine

1 From Ref. 7 -i

2 From SMAE Small Craft Data Sheet Ho. 4

3 From. SNAME Small Craft Data Sheet No. 10

4 From DL Files and Ref. 23

The degree of agreement between the measurements and calculated

resistances is similar to what might be expected on the basi.7 of the re-

suits for the series models used to derive the equations. Calculati ns

according to Eqs.(6) for Model 4315 exhibit very large discrepancies; I

however, the LCG for this model is significantly aft of the nominal

"normal" value. A correction for this effect based on the analysis for

the influence of LCG described by Appendix B, assuming standard
LC 0.045 aft of compared to 0.105 aft of for ficde -43i5 yields

22
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improved correlation.

k ~The effects of variations in ship sirve on predicted (extrapolateu)

tV RT/Aassociated with skin-friction coefficient variations, are exhibited

if in Figures 23-a to c, for the NP. Series Parent Model 100-A as well as a

short, full Series 62 Model and a very long and slender Series 64 Model.
It is seen that finer ships, having relatively large wetted surface andI i low residuary resistance, shcwa substantial effects of variations of ship

VE ~ displacemTent. The percentage change in R /a for increase in displacetment'T
by afactor of 10 at Fr=. s -5%, before HP!. Hadei 100-A (W/

6.585), -1.5% for Series 62 Model 662-m (L / 1/3 =3.60), and -12% for

Series 64 model 4813 (yW/v 12.40). The influence of correlation

allowance, C., on predicted RT/& is evidently rather more important than
variations in displacement, amounting to about 10% increase for AC 0.4y.10 3LiA
(a com-only used valuelifor NFL. mode? 100-A,. but this correction can be made

quite -.imply (see Eq.3) when a value for CA is selected.-UA

AF

23
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INFLUENCE OF FORM PARAMETERS ON RESISTANCE

Equations (6) can be used to investigate the effects on resistance

of variations of the hull form paraeters Y , ie and Ar/A.

A first approximation of the effects of variations could be obtained from

the linear term of a Taylor's expansion, i.e.,

6 R-,6A (13)

-~ 6 ft/A T/6
where y is a hu;I fovrm parameter and can be derived for any

parameter y(= L. - for instance) from Eq.(6) as relatively simple

algebraic equations (one for each Froude number). The usefulness of this

[ approach is limited: however, especially because of significant non-

linearities in most of the equations, and it is recomnended that the com-

plete Eqs.(6) be used for the study of probable effects of modidications

of design parameters. A design optimization procedure could, of course,

be develoned based on these equations but it is not clear whether this

[would be generally useful, especially since the pre-planing drag may be
only one element of the overall perfo1mance capability of a craft. The

development of such an optimization procedure is not pursued here.

The resistance-estimating equations have been exercised to evaluate

I the influence of variations of form parameters for a particular parent

craft, corresponding to the parent form of the NPL series having charac-

[ teristics given in Table Vill.

TABLE Vill

ICHARACTFER1STICS OF N4PL MODEL 100A
(Parent Form For Examole Calculation of Influence
of Variations in Hull Form Parameters on %T/A)

L/ = 0 85

iIi
I C= 0.8c5

- ~~25 _ _ _ _ _
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Results are presented in Figures 24a to d showing the effects of varia-

tions over a wide range of the several parameters. The limits of applic-

ability of the predictions, obtained by using the characteristics of NPL

Model tOGA given in Table Viii in conjunction with Figures 1-16, are

shown in Figures 23a to d.

ne following couments apply to the pre-planing speed range where

F lies between 1.0 and 2.0.
nV

1) An increase of L/v results in a significant reduction in

smooth water resistance. This effect is similar to that
7shown by Nordstrom

2) C has little influence on. resistance for these hull form
characteristics. The dependence of R/A on C as

approximated by Eqs.(2) is linear (but dependent on L/V'/3

i and Ar/Ax) , is never very great and may show either an

increase or decrease of R.JA for increase of C4 , depend-
ing on values of the other form parameters.

3) Increasing i results in an appreciable increase of resist-
e

ance. For exaple, at Fn = 1.5 a four degree increase in ie

to 15 deg (whch is not by any mans s large waterline entrance

angle) produces an .8 percent increase in /A . This calcu-

lated increase in resistance is corroborated by the data for

this series shown in Figure 19-b. Since no data are available

for for- with still iower i , for this value of AVAx , the

equation ought not to be applied for i < 11 degrees.

4) The use of Eq.(.) appears to indicate that the ratio of transom

area to maximwn section area is such as to produce a maximumM

resistance for the values of other hull form para-meters selected. Ai
Howtever, the range of applicabil ity of the equation, I-imited by

the fine waterline extrance (sea Fig. 14) is not wide and the

extreme variations of P,/& obtained from the equation for t 4

valu/es of ,/AX outside of the rarge 0.41 to 0.52 cust not be

considered significant. It -ist be pointed out that the depend- A; -

ence of RTfA on ./AX depends on F as wele I zn on the other

26 v

4 4±~ -=A-~ '-t~I &Z



R-iI6

hull for-m parameters and more conclu~sive generalizat ions
are not presently possible. Consequently, it is suggestedIth3t the dependence of PT./A on A-i be investigated for

eachhullform evaluation to be carried out.

MO
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X-- CONCUSSIONS

. Based on the sr.ooth water resistance data of seven transom-stern

hull series, which included 118 separate hull forrs, a statisticaily-

baset. correlation equation is developed for predicting the resistance

-f these hull forms in the non-planing range.

r2. The equation is a function of slendernruess ratio %L/7 beam
r.loading ( ); waterline entrance angle (); ratio of transom

,ar'a to maxicw section area and volwne Froude nnber (F- 9

v4'V" . Thz equations are appcabe within the following range of

combinations ot hull and Froude n-ter.

1(a) .O<F <2.0

(b) Huli frm parameters and proportions delimited by the

range of values for the 118 hull form whose data were

used to derive the equation, as illustrated in Figures
- ti1-16.

2(c) 2 C-z LCG/L < 7 aft of midship. Some additional guidance
PP

is given for wider variations in LCG position.

3. Within the above constraints, the influe-nce of form and loading
F4

R M parameters is as folljos:
(a) is te mast important fori parameter, resulting

f in significant reductit--is in s-o=h water resistance

-3 l / 3 is increased.

S (b) -A has lIttle infl3-uence on resistance and may shuoi either
an increase or decrease of Y& for increase of C A° °A'
dep-ending on value_ of other form parae ters.

(c) As i is decreased, R/A is decreased.

Mire0
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(d) An Increase of Aj/Ax may produce either an increase

or a reduct-o in /A01 de p nH-ing p u V, and other

null form para±,eters. The form of the equations suggests

that an extremu. in mst cases a maximus, of RLit exists

for a certain value of AT/A X . The influence may be important

and should be investigated for each case.

(e) With the range of LCG/yp betwen 9,2 and 0,7 aft of miaship,

the resistance is nearly constant. with the exception of soe

cases of short, full forms.

4. For F > 2.0, published planing equations appear adequate to

provide resistance estimates for planing hulis wherein the flow separates

from the transom and chines and there is eoroence of the bow.

5. Formilations are given for the planing conditions which iead to-

complete flow separation from the chines and transom.

Hr. Tam McKay and the staff of the Couting Section assisted

gre ly with data processing procedures and programing for devetoping

the CL ve-f itting equations. Hr. T Da l carried out the tests of the

Series 63 models reported in Appendix A.
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TABLE ]a

SERIES: NPL (Round Bilge)

AUTHRS:Marwood and Bailey (Ref.4)

GEOMETRIC PARTICULARS OF MODELS

8
LWL T rT LC

1/3 A e B P wp AL ~X Xi AX Tby - L

4.5,53.0 0.134 11 0-1397 0.693 M.53 3.33 1.69 0.52 0.815 0.513 0.064
5.5,6.0 to '2.S 4.55 to aft ef
6.5, .0 1.468 16.1 5.198
7-5,8.0 and and

Ifand 8.5 20.5 6.2-5

Mjodel Characteristics

~~ L 19 wood models, all with L.L=8.33 ft. Turbulence stirnuizatian with stuJds

'K IV-1/811 dian, x 1/10"1 height, spaced I" apai-t. Speed Rarge, V/Vt. 1,0 to 4.0

(Fn 0.3 to 1.2)

Test Facility

No.3 Tank, National Physical Laboratory, Felthaip, England; 1300-ft long X

48-ft wide x 25-ft deep.

Body Plans: Figure 3

M Remarks A

Th~s series -deals solely with vessels intended to operate between F. 0.3-

1.19 (VA/L = i.0-4.0). These vessels, therefore, do not operate .n the pure

planing vcg'on although they may overlap Into it at the higher end of the Soced

range. The fotm has therefore been designed as a round-V ine hull. The charac-

tertics of~ such a hull -are:

(a) fine straight lines forward

(b) transomn stern

(c) the afterbody fncorpoarates a rounded bilge section

(d) the buttock lines in the afterbodv' arc- uinat - strai ght with

a small stead,/' rise aft

Presentao'n

Resstai 161lb/b displacem~ent, for models (co.rrected to itandard water

t-emperature of 150 Oare pliotted as functians of US1, LV asz-- Froutie nunier.

(Cont'd)
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Table la (Cont'd)

cross-faired results were taken from curves for use in analysis. Curves af

wetted surface underway, running trim and rise of CG are also given. Actual

model data have been tabulated in a separate technical memorandum.

Friction Correction

1947 ATTC (Schoenherr), using wetted surface information from curves as

fraction of Froude number, CA 0.0.

IfI
1. Study of rolF stability vt certain speeds for some narrow-beamed

models (Ref.).

2. Study of effects of transom flaps on resistance for two models
(Ref.6).

INI

95-

- ~- ----- - - -~ - -~- -z-34
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TABLE lb

SERI ES: Nordstrom lRound Bilge

AUTHORS: I:.,-dstrom (Ref.7)

GEOMETRIC PARTICULARS OF MCOELS.

LWL LWL8 4 A CO-
1/3 C e aw PVL 1P XAXL

I5.65 0.518 15..1 0.373 o.576 o.775 4.83 3-57 0 00.0179
to c o 0.390 0.589 to to 3.34 o.6 o.66 0.10 O.G2li9&

7.72 0-877 22.5 and and 0.761 6.94 an6 and and and 0.0288
0.410 0.599 116 0.13 0.72 M45 aft of

Model Characteristics

3 wood mdels, with lengiths from 2m to 2,5m.; no turbulence stimulation.
Speed Range, F nv . t .

Z ~Test Faci Ii t

Royal Institute of Technology, Stockholm; 60M lone x 3m, wide x 1.35m deep.

Body Pans: Figure 4

Rip Remarks

Thre moelswit diferng 1-17~ each tested at three different displace-

ments with leve' trim. 1at V=U).

Presentation

OeGroot (Re-F-8) has presented residuary resistance coefficients, G. as

function of ViME

Xz Friction Correction

GriginM1 publication (Ref.7) gave resistance for full size displacement

extraoolated by Froude coefficients. Results given by DeGroot are re-analyzed

according to 194:7 A1TC wilth C 0.0.
VA
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TABLE 1 c

SERI ES: Det. j3ound Bilge)

AUTHOR: D% ' c (Ref.8)

GEOHETRiC PARTICUM'S OF MODELS

A B T-
c r T T T LCG1/3 e B cWL,/B B /T - T I

X AX x x pp

5.23 0.550 13.5 0.421 0.650 M.87 4.55 3.57 0.!7 0.75 m.8 0.06
to to to .37 0.661 to to 3.34 S 23 0.78 0.24 0-02156-

7.75 1.039 22.- 4 and 3nd 0.796 7.39 and and and and 0. 02!P4
0.457 0.677 3.!6 0.3C 0.79 0.29 aft of

Model Charac-Zerktis-,

4 wood mo-dcls, with lengths ar--und 4 feet. No turbulence stinuiatitm.
Speed Range, viqT 0.6 to 3.8 (F 7-0.18 to 1.1),

Test FacilityI

Deif Instulte of Technology, De~ft; 318-ft long x 13.8-ft wide x 8.27-ft

deep (length has been extended to-C 466-ft since tests). Same high-speed data

from NSM8, Wageningen; -830-ft long x 34 .5-ft wide Y. 18.-ft deep.

Body Llans: Figure 5

Remp-ks

Fvjr nodels with differing LIV each testel at theedifferent dispiace-

ments w!tIh level trim (at V-0 Some tests at the Iiightest dspiactment w*ith

trim by the bz- 'these results were not. used ltur trie present analysis).A

Presentat ion

Res*duary resistenme co .InC as fqz%-gtl Of VAL .A

Friction Ciorrer-tion

1947 PTTC kSchoenkerr) with CA --0

- V-
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TABLE Id

SERIES: SSPA (Round B;Ige)

AUrHORS: Lindgren a-)d Williams (Ref.9)

GEOMETRIC PARTICULARS OF MODELS

CW L r T TT LCG

0 09-6 8.24± 0.40 0.68 0.73 4.623 3 0.42 0.77 o.41 m.415
lan t to to 3.5 aft of

8 0.821 14.4 8.2134

z Model Characteriqtics

4 9 paraffin wax models, with lengths in the range 3.3 to 4.4.-. Turbulence

stim.ulation by lrvm diam trip,-ire 1/'40 of length from F.P. .3peed Range, Vi'r-
L.0 tn4.3 (F =0.3 to 1.3)

Test Far-ilty

Swedish State Shipbuilding Experime~ntal Station. Goteborg; 24 0m long X

lI-Cn wide x Sm deep.

Body Plans: Figure 6

Remiarks

7 '~the pare-it ;form is based on a series of fast torpedo boats bull,- for the

Swedish Navy.

'(a) Straight V-f;-or-.ned transverse sections in fcrebody,
()Round bilges along the whole hulwith reduced bilge radius going aft.

INK (c) Docking keel from Sta.16 aft foIIow'ng the baseiine OL
'd) Relativei- wide and deep transom stern.
(e) Deadrise anole in 4transom stern is small bkut is sus'cessively in-

creased going forward."

Presentation

Residu.ary resistance coeffi'Ciept, CRP as function of ~FL

Friction Correction

X~ deriveJ fra-. ?*del tests wiith 1957' IUTC was used, with 1947 ATTC

a(Schoenherr) uzsed for faill size (100,000-lb -d.bplac.-mnt) with CA 0.0.
~ I LCont'd]
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Table ld(Cont'd)

Related Work

Additional tests in wavis reported in Ref.(9). Also, some results

of resistance with spray strips and with change of LCG position are re-

ported in Ref.(9) for high speeds only.

A

L -4-
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TABLE le
SERIES: Series 64 (Rud jle

c AUTHOR: Yeh (Reference 10)

GEOMETRIC PARTICULARS OF MODELS

A T T,~ LCG
1/ e C P LW~ .1X BX/ AT ST T

V/3 Ce B 7A x 8x Tx pp

8.04 0.740 3.7 0.35 0.63 0.76, 8.44 23 0.405 0.86 0OA 0.0656
r!to to to 0.45 to and 0.37 aft oif
F12.4 4.877 7.8 and 18.264 4 and

0 .55I 0.29

V5 Model Characteristics

27 wood models, all with 10 feet; no tur!isulence stimulation.

Speed Range, V'.A= 0.2 to 5.0 (F O .06 to 1.49)

Test Facility

NSRDC deep-water basin, Washington, D.C.; 889-ft long x 51-ft wide x

22-et deep.

Body Plans: Figure 7

Remarks

Quite slender hull forms developed based on information available at NSROC

for moderately high-speed displacesment-type surface ships.

ZZ Presentation

Tabulaitions and curves of residuary resistance in lb/ton displacement as

function of V/r and &/(0.011.) .Curves of change of bow and stern level

versus V/i

Friction Correction

1947 ATTC (Scheherr) withj r -f

-A

300
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TABLE I -f

SEIS Seis6 (Round Bilge) A T I

A e B w AT B- TT

4.5 m.61 16.9 0.383 0.577 0.755 2.524 2.891 0.03 0.26 0.065 0.058
to to to to to to to to to to to att
6.4 1.204 28.6 0.636 0.774 0.815 5.750 9.503 0.74 0.91 0.770 0.003

fwd of

Model Characteristics

5 wood models, all with L 1 3 ft. Turbulence stimulation by 0.04-in diam

wire strut with dep--h equal to miodel draft towed 5-in ahead of F.P. Speed Range.
(FV=0.05 to 2.75).

Test Facility

No.l Tank, Davidson Laboratory, Stevens institute of Techaology; 100-ft

long x 9-ft wide x 4.5-ft deep (serii-circular cross section); some tests have

been carried out In the lengthened (130-ft long) tank.

Body Plans: Figure 8A

Rema~rks

Five models of round bottom utility boats each tested at several displace-

me-its with level trim (at V=0). Additional tests with varying LCG positior

are reported in the Appendix of the present report.

Presentation

Cwo:plete tabulations of m~odel data. including resistance, wetted surface,

underwiay, running trim and rise of CG. Diagrams of various results.

Friction Correction .

1947 ATTC (Schoenherr), using measured wetted surface inforrmation, with

Related Work

Tests with varied- LCG reported in Appendix of this report.

40
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TABLE 1g

SERIES: Series 62 (Hard Chine)

AUTHO0RS: Clement 'and Blount (Ref.3)

GEOH4ETRI C PARTICU AS OF MODELS

LAT BT T UC~ C C T T T LC1/3 e B P W WBXA X T X I

3.07 0.003. .4 08 0.795 1.67 3.25 0.75 to9 ;5. 0.052&

8.53 0.869 65.6 0.605 0.1 .825 6.28.00 0.985 0.87 0.065
aft of

Model -haracteristics

5 wood models, with L of 3.912 ft for L/B-'2, 5.987 ft for L/8=3.06 and

8 ft for others. Turbulence stimulation by 0.035-in diam tripwire for some tests

with shortest model only. Speed Range, (Fn 0.2 to 6.0).

Test Facility

j NSRDC high-speed tank, Washington, D.C.; 2968-ft long x20-ft deepx 16-ft deep).

Body Plan~s: Figurc 9

Remarks

Five models of hard chine planing boats each tested at several displacertents

AS ~ and several LCG positions. Pull characteristics are:

'(al The deadrise angle at the transom should be fairly high
~ (127'-deg was selected).

(b the after portion of the hull bottom should have a constant
deadrise angle so that the high-speed planinc area would be
zntw isted.J

(c) the stern should be narrow, with the transom width equal to
about 65 percent' of the maxi-=. chine width.

(d) The bow sections should be convex." I
R.f Presentation

Complete tabulations of model data, including rec-istance, wetted surface,

underway, runn'ng trim and rise of CG. Diaqracms of various results.

Friction Correctionfi

1947 ATTC (Schoenherr) using measured wetted surface information, with

-0.0D.

V Related Work

Re-sulIts of some porpoising stability observations Included in e(3.-

414
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TABLE III(a-c): GEOMETRIC CMARA.CTERISTICS OF ALL MODELS USED IN

DERIVING RESISTANCE-ESTIATING EQlATiON

L AL. B T-
dLWL epp --T T r _T
e a p 1 wp 8 T ' aft A BX TX

4 1 (a) NPL of *
_Lz 4-50 20,,.5 0-397 '-- 05 0-55- 3-33 3-.28 6-40 0-52 0.82 3.51

PLB 5430 2 0-5397 0-693 n.573 0-753 3.33 -47 6*40 3-52 0-82 0.51
HPLC 5-50 20-5 0--_97 C-c-93 -57 0.753 3.33 5- 5 -96 6-40 0-52 C-8 0-51

NFPL! 5.00 20.-5 0.39? 0 -63 C3-5 73 r,-75 -W 3-33 7-73 864 3.* O -52 0.-82 0.-5 1
SPLE 6- 0 20.5 0-39? -697 C - 3-3 9-83 6-!43 0-52 0.02 -5 !

SFLF 4-50 15- 5 0.39? 0.7693 .573 0.753 4.55 -1-75 -40 052 0-82 ^-52
N?LC- 5 -0 15-5 0-397 0-693 0 .-73 -753 4-55 2 - 6-40 0-52 0-82 .,-51
NPL 5 . l5-5 0.39 -Z-? 3 1 0-573.753 4-55 3-19 6-4-0 052 0-82 0-51

6PI 6-03 15-5 0-397 0693 0-573 0-753 4.55 4-14 6-4 C-52 0.82 3.51
SP. 6-50 15.5 0- 7 0.693 0-5732 C- 3i5 5.- 27 5- 40 0.52 0-82 0-51
NFL! 23 15-5 0.397 03- l93 C".575 '%Z5 4.55 6-58 - 6-4 0o52 W-
UFLI 5.3 0 12.5 -33 39 0-93 --'573 0.79W 5- 41 1 -'? 543 3.52 08 2 0.51
1:J 5-5C 12-5 - -7 0-593 0 -57 0753 5-41 2.25 5-40 0-52 0.82 .51
)Pjij -0 12-5 0.39? 0.693 0-5n£753 5.41 29.Z 0.52 0.P2 0-51
lPLO 6-5C 12.5 0.-97 0-593 0-573-53 1 -411 -'72 -40 -52 O6Z 0-51

UPLP 7 .3 12- 5" 3.39-7 3.593 C-573 3.783 5.41 4-65 6 -40352 0-82 0.51-
M-0O 55 -0W 0-39? --693 0 -573 0- .-b3 6-25 1769 5-40 3.5 3.235
NPiSR 6 -3 11-0 C.39? 3 -6&t'3 0-57 0?53 6 -25 2-23 G-40 ---52 !a-82 0- 5.

I PLS 6-50 11-0 0- 0- 9 3 -5753 07556,5 2-?79 6-40 0-52 3-82 3-SI5
SF-^7 C.31 -339? 0. 693 0-573 5-3 6-25 3-49 5.43 3.-532 0-51

PLJJ 7.-3 11-0 0-39? 0-693 0-573 0-753 6-25 4-29 6-40 0-52 0-82 0-51
---~ -=- 11.0 O-Z.97 0 -93 --573 C-5 6-25 5- 23 6-40 05- 082 0-51
IIPLY 8 -0 ̂ 1-- -39? 0-693 05 73 3-753 6525 6-2' 3.-40 0-52 0-82 ^-;51

431 -8 15-1 0-373 o-5 0 -646 0-2 6.94 3-5? 5- 9 -79 3-3 0

432 7-36 15- 7 -39 1 0-59 - 748 63 Z3 -3 2-49 0-26 0-c6 C-

W 7.06 16-4 0-410 - -599 60-4 0.761 6-76 Z16 2.88 013 0-fl 3.15

55- 1 I 0 - -1 6 -8 3
592 6-63 1.-3 0-390 0-5 0-662 3-78 - - .- . 49 3-01 0.5 0-13

5ga 5-!9 19-1 ^-44 599 ^.Ga. _-7 0 -19 -75 K - 5 -90

601 64i8 X 0-3? 3 0-57 0-648 7 5- -9 7 l-79

Ma- 6 57 22-1-,35 4 -1 0-3 4 C-6?1 -83 3-1- 2-88 ^-!3 3-7? Z-t5

Dc IGEOUT

41 :;ac:;cn.:S; n.;ta? n: 59f 3-5?- 1.-6:2 0317 3?5 0*16

XF -42 74 1 '4 .4-?-7 61 3.661 3-79 7-27 3.35 2-15 .233 . 0.24

03 5.57 ^__Q Z6 0, .-77 -674 0-79 153 3-16 2-64C 0-30 0-9 0-29 M-61

51 6-77 20. 3-421 ^60 ^-64 0-ta?? 4 3 5P- 1 -6 01? 375 018
Z2 5--.17 21 0-437 3-661 ^U-661 0- 79D 4- 3 3-54 2- 15 0--23 -fl? 2o-4

73 5L-63 Z2 0-45? C-67fl 0- 674 -7 9645 3-156 2-64 0.!'3q7 0-29 £otd

77 -? C -8-42 1 W^-480 7 A ?357 -: -27--5 !M -
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TABLE III(d-e) (Continued)

--,L BX -- 8

ModeL I C C w Lpp CXT T T
a B aft A BX  T X

(d) SSPA of
1215A 6-0 14-4C 0- 40 8- 0-.590 0-7 4-62 3-0 4-15- 0-42 07-? -41
1212A 6-CC 11-5 0-40" 3-680 0-590 - 3 5-82 3-0 4-15 '--A2 --77 0. 1
1203 6 "-5- 0-4CC 0-6S0 C-&) 3- 7-12 4-' 4-15 0-42 C-7? 0-41

:2161 7.0 -5 0-.-400 - &-2 0-590-- O-W7C 4-94 3-0M 4-15 0-42 0-77 0-41
11. 7-0 -0 " 0-a. 6 -- 0-733?. 6-23 3-50 4-15 0-42 --77 C-41
1210.1 7-0 8-9 C-'. a-63 S-59 0-75 3 7-61 4 -. 0 4-15 C42 C-7? 0-41
12171 8-'0 12-6 0.00 0.C-0 0-594 0-7"0 5- - ..

IAA 8. 10-3 0-400 0- 0-5n 0 - .73 3-5 4-15 0-42 0-7? 0-41
1211A 8-0 8-2 C- 0-6O 0-59 0-30 8-21 4-30 4-15 0-42 -77 -1

47-.4 8-04A 5-5 -90 C- 8 -961 11-6 2e= 6-55 04 - 1-1 6 0.5 Z.44
47 8. 94 4-? 0-55 7-1 -8,' o?' 14-02 2- 6-56 0-41 -6 3-44

479 10-46 3-? W-. 3 0-6 ^-871 0-761 17-73 2-00 6-56 0-41 06 3-4
4W90 8-_4 6-7 0-550- - 0 6 -8"-3 0-761 9-75 3.0 5- 6- 2 -41 085 0-44.Z r
47-1 8-94 5- 0-55 O- -W 873 3-761 11-45 3-0, 6-5 ,0-41 0".86o-::
4792 10-46 4-5 0.-550 C",3 W.7 - 14-48 .0 6-:D6 0-41 085 0- -
4?93 8-04 7-8 0-550 0-6W- 0-873 07-SI 8-45 .A- 6-56 0-41 0?S : -44
4794 -94 5-6 0-55C ^-63- 0-73 t-?61 9-91 4-0W 6-65 0-41 0-6 0-44
47-5 10-46 5-2 C- 55;.-6W -7 -. 1 5- -- 6 C-.41 0-86 ^-44

4796 8-r' -5 -- 630 C - rL!1 2 - 6 -56 0-41 -0-37
473? 9-58 4-? 0-453 0-633 0-714 0-1 14-0l7 2-I= 6-56 0-41 -6- 0-?
498 11-26 3-7 0-450 --6W0 0-714 0-761 17-93 2--z 6-56 0-41 0S6 0 -37

A -7 ----. 0-3?
48 = 9-58 54 A044W- 0-=3 0-1 .4 0-765i 11.49 Z -0- 655~ C-o ^.-7
, 11-2 -4- 3-45 - 63 .; -714 6..z Ct.-A 5- , - . 4 0,86 0-3?

4 a 8 -ZC-7- S 0 -4 5"0 0-6 0Z .'71A 30-7sl 8-45 4.-2 6.-r r 85
4P03 9-58 6-6 0-450 0-3. 0-?714 0- 9 - 6-56 ^-A'1 3A.-7 -37
4804 ' 1- 2-6 5-. 1- SW 711 0-A I 2-6 4 6 -4 1,. W ,%-? 7
480m 9-36 5.- 5-3 -63C 0 -72M " 2=66 G -,56 1 6 - 6 - 5 -- 1 C-e u-29

48C7 12-4 -3 0-:5 -, -5--6 -0-?C1 15-2S 2-=0 6-5 0-41 0-8 .0-29

10-46 5-8 0-a50 0-63C - K- 1 3-% - -4 1
4810 12-4C 4-5 -03S c3 0-555 ^ 14.91 3-- *--5 C-41 ...- Z
481,1 -- 6 7-6 S -. -3 3 -55C6 0 -?z st-is 4 -00 5'-56 S'1 :3 -29[4312 1-46 5-75 C.35- -6 34 0--55-6 0 -7'61 1-0 ;U'6-i w4 -"~.c
4-13 12-43 5-2 0-35C -W 0-5Z6 0o -761 12-91 44-0 6-56 0-1 S - C-- 9

L -td 1

U4F

Vk



TABLE Jlt~f-g)iContinued

T-4-LE I t. f  
-

T

- B p '.i hG'. at A BX

I - 4781 ii ;:4--_ 0_..c - 9 0.740 0.742 0.806 5. -75 .3-_4 s ., ±--z c-

47125502 - 06 0-45, 0-?J? 0-813 5.-? 3-36 5.33 0-73 C ° 07

~4.7813 5-15 25-3 0CiS> 0-.' 774 0-822 3-815 5-48 2-89 5-80 " - o -'
| 4591 6-40 16-9 3-512 0.-O 0-742 0-.9? 4-92 5-59 3-5.5 0.46 3-4-3 0-51

4-25--" 205 0-57!- 0-.31 0'-815 0-P4'5 4-78 4.-9 4-22 0-5.0 Z-i3 0-.,6

Pi WP A- T BY!

*.'4" 4-80 27-? 0- ? 0-'35 0-815 0,813 4--u 3-.21 £,-4 0-7 0-9 0-7

4777 1 6-- 17-2 C-462 0-64? C-714 0-8C6 5-; 74- I - ! -95 C.--
4,2 5-6 25-3 053 0-674 0-82- 0- 95 3-98 5-5 .21 0- -0 -952

47174 482 5-69 .:D 0-712 C -2-7 0-80? 4-81 4-24 03- - -91

4f-5, 4--0 0-734 -810 '-78 3-76 4-95 a -- a C

S47"C!-2 5-6c 21-5 0- 30 7-6, 0-9_ 0-rn 5-4 7-6 -39 -2 - C6a

-7 _10 4- -84 c--9 5 ', - .67
403 -9 - 23-1- -r-- -- ' C -~ -' 8 6162040~

472C5 4-50 27-5 05 20 .64 ^.815 C-"1 21-3 5 5-44 4-93 0-4? 08 04
472 577 2 -- 6 .3 0-5_ 7 ?-S6C 0-796 3-8 .. 9-20 -1- 33 3- 3.-? a-

4929$ 5-1523- -50 2-&1 95-75 0-781 2-864 88 1 2- 6 0-1 04-57V 0- -5v

474 226.3C-4 506123- flO-785 2-57 4-24 4-31 0-62 7 1-7 0-

4 7M 28 - 6 -5804 C-W "- -3-76 n -95 ^- C- 3
94_L Z4- C 0-0-642 C- - S2- 3 -.5 6-4 - 4 3 2 :- 1

451 37-07 -, '' 65-s0.7 C81 -'7j570 ,; 2-9 16? -6 4-50 0- S3 C-45

47?565 4-C 27- 5 0-42C -86n 7 t. 2112-9 5 -55 4-_63 tp ~t

5.32 5-a_ -2"!- - 52-.5 C -

4C S I 3-': 5- -S 3 -715 7- c-, 4-15 5-F :-5 .7....00
42 4-51 2- 0-53? 0-81 3-660 0-7f 2-990 5" -2 0n. 0=89 1--

4652-OS t -i -S' 5 75 81' Z C - a 534' 1.~ -E? 6,6-- 9; a t:s

U_ -c4 aW Q 4's' 8= i. 695 0-05 C-C- I

C- 5?00 - a 5- a .- 1

40683: 4-4 3 -942-C5 3-810b 3-640 0-t f. 2~ C -0 5-G. -20691K '45e6- 7Z.6 37i., . Q%
4 3-590= 4' 800 5-3 7-10 5-2w 3 50-7a i-.

46 6-,3- -2 -.4-- - 061i0 &-60 -f 6-75 5-;6 0.-S -69 1- 0 L

466-1 a 43.g

Fcl -5 CNa _S4_ __



TABL- 3 VL TOTAL RESISTANCE A UES FCA ALL i ICELS USED IN DERIVIN- RES'STAJXCE-
Ia-c) ESTItATIMtG EKUATICON. TABULATED MA*ISERS ARE 100 RT/ S h/ib) FOR 900,="0

- LS+,,. +1 CAFT IN 59OF SEA WATER. 1947 ATC ($CtOENI-E.) FRICTION COEFFICIENTS
VITH Ct 0.0, USED FOR SHIP P n . A LES V .

PODIEL .0 . 1 .2 1.3 1.4 1.5 1.6 1.7 L. 1.9 2.0

(a) Pfl
-QI 5 2 -4lt-5I-2 14 11 2-14 -29 ?3 1- 5 1.13-82 1-22
SF "3 4-6C 715 9-23 9-6 - 1 10-45 A0-?6 1!--! 11-46 11-85
SPLC 3-93 5-80 7-7? 8 -2-C -6 9-24 -- 25 9-63 9-99 1C-6r; 11-^1

' 3-7- 5-26 S43,1 7-36 V-88 E-37 8--7 9-07 9-51 10-11 IC-59
"Fit - - SS 5-64 6-1- 7-58 8-1 8-76 9-16 9-63 10-14 10-SC.

Mr S-45 a-n 10-19 I- I-62 - -9 11-= H-61 !I-%
zPLA, Z"79 C-209 8-42 9-19 9-- C3 9-8 0 10-4 10-19 1C-42 !0-76 1C-74
VPM. 3-!9 s-i : F-9, 7.94 IS-s 5 -a -is 91 9-BB -s 9-n 9-S2

, 2-85 -42 8- -49 7-26 7-57 - 8-59 9- 5 9-31

YL- 2-64 3-3? 4-85 5-56 6-25 6-6 7-14 7-55 7-9-7 8-35 2-w7
iPL 2-52 3-15 4- Z 4-89 S- 6-15 6-75 ?-15 7-5?7 --- 8-0-3

531.1L 4-0 5-29 7-87 8-67 9-18 9-65 IC-C^l 1C-0-2 10-37 i0-61
IX - 5-11 6-95 7-87 83-3 8-7' 9-11 9-=- 9 - 9-92 10- IS

3215 2-87 4-65 5-6D 6-62 7-27 ?-61 7-89 8-4 8 -S C -07 S-23

M 2-1614 3-46 4--' 5-22 6-W6 6-48a 5-f 7 4 7-71 9-16 S 4
2.4 2-45 3- 1 Z-90 4-49 5-13 ,-7 C-24 6-66 ?-13 7-65 7 -8al

Na-A 2-4 4-81 6-61 7-3 7- - a5 8-4L 9- 5 9-2- 9-36 9-73
IF1- 2-54 4-- 5-52 6-42 6-96 ?-34 7- 75 S-CS- B-45 8- 9-13
l?5_5 2-33 %-ZZ 4-55 Z- 23 &--- 6B- 7-29 7-'1 2 V-.8-36

EMS 2-22 2-.7 3-a 4-44 4 -9 5-52 6-01 6-48 6-S- 7-34 7-61
-3 2 2-E5 3-37 4-C2 4-6 ,-- 5-5 --C9 6-9-4 7-25

I5.T 2-C Z- 3-23 4-36 4 ,99 5-43 Z5-S_ C5 5-7a 7-- 3

LY I -95- 2-4 3- Z-47 4-a-9 5-36 5-80 6-Z2 . -- 7-?i'

43,14 _ Z 1C 3' .-C 45-1 0 Z- . - 5C-35 ?-3 6--- 7-15 7-SC
4Z -.. c2-.5 - ZS 5-C5-15 6-3- - 7-1. 7-M0 8-M

&2- t 2- 5 --i0 5- 4 -;a -..) 9-45 9-2 s-r I -Z-5 .5

+_ - 30 -8C-2 9 .... - 9- 9-1- -
d. - 5- -S - % -- -

S1 --- 2-IC6 3- _ 4-45 4-95 5-40 5-55 6-3C - w" 7-25 ?-7
0 2.0 - 2- -70 3-60C !-_Z4At 4-5 5-25 575 6-30 -35 7-40 7-S,_,r 43 2-1C -0 3-9e 4-62 5- = S-S 6--- :5 , 7-10z 7-'1-

51 2-4C Z- 4-4^ 5- 2_ z- 70 C-_=; &95 7-30 ?-50 S-02 8--4-

55 2-4a -N-85 5-10 E-95 6-6 f 7 -1 I -v 8-C 8-55 9-'0 9-45
53 2-9< 44S 5 5-5 5-32 a 1-95 7-55 8-tS a e0 -80
a -9 4-25 s5- *7s6 S-2o S-Zs 75 8-!S 6-6_' 8- S-= 9-4Z

- -04-50 6 -0 -- 85& 7 8-C5 8-0 -65 - S-WOr6Z 3-0 -00 -5 -4 8-s'- S-45 8-75 -95 3-W=
31 3-4'5 -02 6-=C ?-a 8-40 S--5 '-35 9-7- !-- 1-15 C~20

.1- 3-9, 0 0 -6: S-65 9 -40 99 1^.-r^-a7 fI
834-2 - 263 9-c O ID~1 10-65 I I - -cc PaS=M& CttatdF ___ % M



- - -o

R- 1667

TABLE IV: [Continued]

F
fl

HODEL 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2,0

d) SP

1215A 3-25 4.40 5.35 6.21 6-9? 7-60 8,12 8.59 8.90 9.11 9.32
1212A 3-30 4tlu0 5.45 6032 6-9C 7-53 8.05 8.50 8.83 9.20 9.53
1204 3.2B 4 .40 5.45 6.39 7.15 7.73 a-20 3.66 9.00 9.32 9.71
1216A 2.30 3.13 3.90 4.60 5-17 5.68 6-11 6-52 6.90 7.25 7-63
1213A .30 3-5cW 3.90 4-58 5-13 5.68 6-i : 6 58 7. 0 ?.40 7-82

_ 2i.LOA 2-15 3. 10% b-91 4.53 5-24 5.80 6.29 6-75 7.19 7.80C 8.-00O
121 A 1.70 2-40 3. V2 3.60 4-10 4.56 5.00 5.40 .,,?6 5.13 6-50
1214A 1-77 2-43 3.08 3.60 4.09 4-55 5.00 --4^ 5-81 6.22 r.62
1211A 1.64 2-36 3.02 3.60 4.11 4-60 5,04 5.49 b-92 6-38 6-82s

(e) 'SERIES 64A

4?84 1.70 2-23 2-80 3.40 3-87 4.20 4-55 4-90 5.20 5.5.5 5-90
4%88 1.60 2-00 Z.30 3-03 3-50 .3.85 4.25 4-60 4.90 5-20 5"50
4789 1"40 1.75 2"05 2.40 2-75 3"10 350 3"85 4".50 4-e5 5-^0
4790 1 .-70 2. 0 2.65 3.15 6.85 4.10 4.60 5.00 5.45 5.90 6.25
47i9 1-45 1,80 23w0 2.80 3.25 3.7# 4.07 4. 4.30 5.17 5.-5(
4?92 1.4^ +1#55 1.95 2.25 2.65 3.05 3.50 3.85 4.2Z 4.60 4.95 z
479.3 1.80 2.20 2.80 3.45 4.05 4.45 4.95 5 .j 5-65 6-.3 6-.38
4794 1-65 2-00 2.40 2-90 3-W5 I'-00 4-4_5 4. S0 5.30 5-70 61^0
4?95 1-35 1-60 1.90 2-25 2-6 2,95 3-35 3.70 4-10 4-45 4-80

4793 1-45 1-90 2-40 2-90 3-35 3-75 4-15 4-:50 4.-" 5 10 5-40
*,97 1-45 1.80 2.20 2.60 3-05. 3-45 3-85 4.15 4--io 4-80 5-10
4798 1-20 1v40 1-70 2-00 2-35 2-?0 3-05 3,- W 3-60 3-95 4.30
4799 1.80 2.?0 2.65 3-10 3.55 3-95 4-35 4-,70 5.10 5-45 5-75
48%'V 1.35 1 -65 2.00 2,40 2-85 3.35 3-70 4 00 4.30 4-60 4.95

Ing, ]4801 1-10 1?5 1. 5 1-90 2-25 2. 55 2-90 3-25 3.65 4.00 4-.30,
4802 1-50 1-4O 2.35 3 -.00 3.50 3.95 4-35 4:.75 5.05 5.35 5.70
48s3 1.35 1 . -*W 2.40 2.85 3.25 3.70 44.0 4.50 S.90 5.20
4804 1.30 1.50 1.75 2.05 2.35 2.70 3.05 3.4 3.75 .10 4.40
4805 1,50 1-90 2-30 2.80 3-30 3.80 4-20 ,1.60 4-95 5.50 5-60

48, 1,35 !-C70 2.00 2.35 2.75 3.20 3- 65 4.05 4.45 4.85 5-15 '
807 1 1.6 205 2 2.0 3.i0 3.80 ,.085 4-20 4-50480 1.z-5,5 1,90 2,-12 2-. 3.15 3-.5 4,05 ,1,45 4-80 5.-2^ 5-65
809 1-3 1-75. 2.- M 2 -W 2o? 3.20 3- .^ ,w.S 4-40 4.80 5-.15 -

4811 1-60 1 -9' 2-30 2-?', 3-2" 3-65 4-l5 4.-' 5-1^ 5.55 8,00

4813 1'35 1.60 1.85 2-15 2 .45 2.85 3.30 Z-75 4.20 4.60 4.5

rf --. 'd
47[



R- 667

TABLE IV: [Ccntinued]

F n

V DOEL 1.0 1.1 1.2 1.3 14 1.5 1.6 1., 1.8 1.9 2.0

47811 3%-10 4-30 5-3! 6-20 6-85 7-40 7#75 8.05 8-3'_ 9-55 8-65 ;

7312 3,6-85 ,5 0, P-56 3-90 9915 9-35 9.4 980 1C-05
4?813 4. 6.90 8.50 S -=9 5 100 i.- 10.75 1 .o i1.25 11.6 f

4'2801 3 - C 4. - %f515 a-160 S-g ? 740 790 s. * 65 9,040 9.- 0L
4aM 4.20 5-80 7.1C 8.25 6-50 s, -9-? .60 E -,93 1025 10.60
4?O3 4.5C 6"90 8.40 940 9-90 1;.20^ C l 5 11.05 11.40 11-85

4?806~~+og I.,7 -Oi ID1 1 *p116-4a9 2,O 11.850
47771 3,65 400 5486 6-7.53 87- 0 8.65 9.15 S-4.5 .80 10.20

47r? 4* - W 5,380 ?-2.5 *I Co3-rv 9-15 9.55 9-90 10 I1- 5 , 1U-903
47M 4-80 6,80 8.7O 9.70 10- 1-1.105 1,10. * 70
47774 5,3 8.50 10-20 1085 1!,2 11250 0I e0 12-1v 12#40 12.70 13-164?775 6,40 10 -D 11-75 12-50 130-0 63 13 320 13,40 13.70 14.00 14-35 '1

47M 'i 60 4-90 6 -5 7,45 8-30 E;80- 9.10 9,55 10.05- 10-65 11.30
47992 4.10 6-10 7.85 8470 9.3 9.70 10-10 10,50 l.-^- 1-6 2 120
4M3 4*T3 7*50 9.0 9;90 10 -20 0-45 10.80 l- 1185 12-40
47?94 6-50 9-20 10-60 11-05 - 1185 1240 19-v40 12-7 1325 13-85
4975 7.W 10-40 11;39# l2 12.40 12,)0 13, P0 1365 1 41445 15.3

477?8 4-25 6,8. 8,40 9.30 9*SG 10-15 10.45 10-?t i100 1*5-0 11.&95-

4 M 5-.30 7.60 9.30 10.20 10.75 11-0 '1.45 11.0 12-30 i2,65 UZ-aD
41164 6 6- , 98-C 11-30 11,>95 12-10 12-40 12-70 12 95 i3,20 13,.50 1- -C .
47785 7 .40 i o..- 12-3190 1--.C 13-50 13.%S 14. -15, 8.0 15-W8

4661 3 -30 1-40221522.85 22,-' .255 22. 05 2-02Si5210
466&52 j!). -70 15,55 18 ,25 IS.Z- 1'- 50 ~?2c 1.6*95 16-63 15-25 15&84; 15.%40
4658,3 8'-90 1 2,r20 15*4:& 15.65 14.90 i435 15.9d 13-50 13. 2. 5

466%5 8 .90 12#40 14.45 14-.5 14-25 13-65 1Z-25 11-90 -12-45 11195l-, 7I
46661 10.0' I.45 16.40 1",0 17-65 17-55 18.35 181r'- 19-20 19 25 "
46652 8.05 14V-85 12-90 13-65 !Z.30 13-90 14-.-0 14N.1 14.25 14-45 -- 0 ----
46663 7.25 S-40 1CA-9- 11 .80 1212 12.25 12-3G 12,30 725 12.0,5- 11-85
4564A 8.25 8-'%" 9*4510 -o: 10 1-210 10_-35 10-7,;I 1- 1 ' 11-25 11-2^% 11.0
45572 6,,0 5 7.-903 9-65 1u-Z0 .9 1145 11.58 -11.-90 12-19-42-4012-.55
4 6 6'f 5.25 67 ?5 S-1 8.90 9.35 9.7 995 10C.-20 'U',-45_ 10.75 11.&3M
46674 4-W 5-83 6,9 7.45ZO 8- 8*3 5 c85 9 - y .-30 9-55 9-95
46682 4.55 5-85 7400 8 -n0 BA?0 8-93 9.00 9-25 9.3 00 O4
46633. 3-8 5 4.80 5-70 6-50 ?.*.5 7 a O 8'-Cal 8.s40% 8.?5 _01 9*40
466B4 3-50 4-25 543~ - .5 6.30 6.-70_T 01'6 1*.0 ?c.9^ 8.35 8-8z0
46692 5-80 4.80 5.06.90 V5 8.10D 8.5 S.~..Q9 9.8c

ir74CV93 .5 a &5' " 6 W1 ?-^0a4) 7.53 SO 790 -8.3" 8-70
4GG4 3 Mv 3.- 4*.35 5.00 5-35 5-30 6-65 ?,'05 )-75 - --

~ Chn t f d.

-' ---Ze{ ;:



R.-1667

U TABLE V: RESI.LMRY RESISTANCE VALUES FOR ALL MODELS USED IN DERIVING
-, 7"ZE7 RESISTANC-ESTI.ATING EQUATION. TABULATED NUMBERS ARE 100 RR/A

(Ib/ib) BASED ON i947 ATTC (SCHOENHERR) FRICTION COEFFICIENTS
iEXCEPT FOR SSPA, WHICH ARE BASED ON 1957 ITTC LINE.

F

MODEL 1.0 l1. 1.2 1.3 1.4 1.5 1.6 . 1.8 1.9 2.0
la) NPL

NPLA 5-29 8-48 9.94 10-22 10-17 9.88 9647 9.98 9.34Z, 11-34 11-40
NPLB 3-89 6.20 -7.7 8-46 8-71 8-65 8-66 8-58 8.74 8-78 8-81

HPLC 3-13 4-83 5-93 6-87 7-12 7-2? 7-22 7.31 7-36 7-63 7-67
.JILD 2-90 4-18 5-02 5.86 6-15 6-37 6.50 6-51 6-63 6-88 6-98

NPLE 2.38 3.64 4-41 5-23 5.67 5. 93 6-31 6-41 6-57 6-74 6.79
iPI F 4-88 7.31 9-37 9.40 9-49 9-34 9-29 9-12 9.34 9-49 9-60
NPLrG 3-16 5-53 7-51 8-13 8-#40 8-44 8I-42 8-34 8.34 8 -4080
NFLb 2-51 4'26 5-92 6-79 7-20 7-33 7-40 7-39 7-40 7-25 6-W9
NPI1 2-13 3-53 4-71 5-25 5-83 5-93 6-2 6-19 6-20 6-37 6-31
J fl.1 1-83 2-89 3,69 4-21 4-68 4-90 5-10 5-23 5-36 5.44 5-62

Vs KPLK 1-61 2-,4 2-69 3c 56 3-86 4-12 4-44 4-53 4-64 4-79 4 88
SPLL 3-.9 5-5t 6-99- 7-64 8-00 8-29 8-47 8-46 8-40 8-41 8-51
54PLK 2--8 4-32 6-02 6-78 7-07 7-3W 7-46 7-50 7.56 7,57 7-53

WPLE 2.17 3-81 4-69 5.45 5-91 6-05 6-12 6-33 6-43 6#5-4
S12LO 1-88 2-54 3-42 3-96 4-6 4-81 4-82 5-25 5-29 5-45 5-45

S f.? 1-64 2-15 2-76 3-16 3-60 3-95 4-25 4-43 4-63 4-75 4-74
IPLO 2-24 4-09 5.76 6-24 6-66 6-75 6-99 7-3r -33 7-30 7-38
SPL5 1-88 3-21 4-57 5.32 5-l 5-88 6-10 6-22 6-35 6-41 6-52
97FLS 1-61 2-45 3-52 44^4 4-42 4-79 5-02 5-29 5-37 5.52 5-60
NPL? 1-48 1-90 2-84 3-22 3-55 3-98 4-19 4-44 4-62 4-79 4-79

57.0 1-30 1-70 2-25 20fl 3-12 3-50 3-70 3-93 4-13 4.24 4-26
NFLV 1 -20 1-47 1.92 2-30 2-f2 3-11 3-31 3-50 3.67 .3.81 3-94
YPLw 0-93 1-23 1-63 1.88 2-37 2,80 2-99 3-19 3-35 3-4C 3-71

431 0-1 1435 2-0 2-75 3-30 3-70 4-0 4-30 4-50 4-60 4-70
4Z2 C-85 1-5C 2-45 3-15 3-70 4-20 4-50 4-80 5-' 5-2 5-35
433 1-10 I.90 2,80 3-50 4 5 4-45 4-75 5-00 5-20 5-30 5.35
5--1 0-80 2-10 3-20 3-90 4-60 5-05 5-40 5-60 5-80 5-90 5-95
W2 1.45 2-65 3-60 4-35 5-00 5,45 5-70 5-90 5-95 6-- 5-90

' 59, 1-60 3-00 4-15 4-95 5-50 5-90 6-15 6-30 6-3 6-25 5.85
W^: t-85 3-50 4-a5 5-75 6-40 6-85 7-10 7-15 7-10 7-00 6-90,
W2i 2,-5 4-0 5'40 6-5 c-85 7-20 7-40 7-45 7-30 7-05 6-85
63 2-45 .35 o- 0 7-25 7-50 7-70 7-6C 7-40 7e' 6-50

S41 1. 10 1-5 5 2-45 3,.15 3-504 3-?5 4-,') 4, n 44.8 4 -:. .95

43 1-2 -80 2-50 3-25 -5 3-65 4-, 4 -1W 4-60 4-90 5-20-43 I Z, -t-5 2 .?9^ 'l-40 - 3 , 0 M -25 4.55 4-90 5-3 0
51 60 2-& ", O -95 4-45 4-80 5,15 5,35 5-42 5 - 5,75

" 52 !-B^- 3-^-^ 4-10 4-7b% 5-25 4.5 5-9-3 6-!5 6-4-- 6-60 6 ,5
53 2% 3-40 4.50 5-20 5-; 6.10 6-45 6 -5 .0 6 S

S61 2-V0O 3-65 4*?5 5-45 5-90 6-25 6-4,9 6.4'f- 6-43 6- 50 6-00i

62 ; 2 -sA0 3-90 5-05 5-80 6-2 6-58 6-75 6-80 6-75 6-50
;_ 3 63 2-75 4-25 560 6-30 6-75 7-05 7,45 7-W 6 85

71 f 3-. 5-6e 5 - 5 '382 9.C5 -t 7-3 [r 7-. i2 47r45
72 3-10 5 -35 6-75 7-55 8.10 8 -53 8-080 -8-%1
V3 3'55 5- a= 7-40 8 -3 8-85 9 -3i 9-5 9-0 cond

~49



I v TABLEf V:, [..ont-inued]

-r -- -- -' -

i '
t

EOEL 1.0 1.1 12 £3 ,4 1.3 1.6 i.7 1.8 1.9 2.0

4.{1 SSPA -'

i:j

1215A 2-40 3,45 440 15.02 8.W0 6'07, 640 6-, 68 0t 2 64080
1212A 2-52 5- 4 5 4.30 6-9a b.W 6 , Ol Zi 2 :4 Gf2 8B 8'82
INI 2-35J 3-4$ &.i33 e So~& 6,a12 io-I 042b :.r: 4:
12161Lid 146 5 .:P, 24 * 53 CZ ?".0 -tb428 t 5W 4,62 470 44&b
1213i 1.562 Z-. 2.78 3,f-0 3-C; Sb 4.20 4,40 4#W0 4*75 4-92

S121A W . 1-40 I. 2.2 245 2j*."2 2'98 5.10 3.40 34I.4 34

1271A 0.8 1 1. 0 1452.5 ZO 240 26 27 ZeSO 5 20.60 266 &2'0

4784 0.95 i#40 1-3 2.2 2#50 2#r 2 ZS 3 &t-.0 # '20

4789 0-60 C0.75 003 1-3?, 1'2& 1,40 15!" 1'75 1,8$ 1.95 2406
4, , I-'O 1 63 1.95 2.40 24, , 2e. Z- Q CO-,20 &410 54 Zb

[ '9 C 0 1420 1:#50 1,W200 Z:0 20 2:40 OFO Z:0 ,60 40 ,72 48 5 065 0,85 0-90 1,.9 0 1.,5 1.1 '140 P25 P-.'+

4799m 105 1-3 50 1.00 Z.~2-5 2o & 0 2.08 2OJ 205 &W{
470408 00 -IO 1.73 4C 1. 2'36 2#505 2-791 5 2 0 dOb

4801n- 0-30 035- ,O-'0 . OW 4 5. 0.9 1,450' l1-O 1-720 Ie2t

479 T3 096 1-20i6 14 .20 2 0 2 5 24$ 24* e~ 6
47970 W *0.53 t o-ao '-25% j.3W 1-40 1.'9? 1.06 tsl Z'02 Z*tl'

487040 0.40 -3,0 C65 06-65 -3 ^ 1- 11 1,20 1-2 1,'&
4w95 Of7 950-'- 145 1.4 08,217 2 358 20.15 :241 0 2'40~ 2.5, 2.691= 48 50 -55 0 10.890 0.95 1 0 1, q3 1WA 1 -95 P80 100* 240

4800 0 o eo - W% 43 -C P0. ^ 1t 1 '140 1,0 1'6 I

48 .6$ t45 1.05 1 . 1-60 143 2- -05F .15 2.1 2-5 2' Y 24
4FM"9 0-50 ; L-6 0-3 P. a . 1, I i -r 30 l 1-7c 1. 1 -97 142 1#19
41 .40 0.4c 5 0-4 .. 43 '5 0'.?0 '. 0 .'0 P40 1".6 141&
4815 1 70 090 1-0 1-45 '5 "1>8 2.305 2.2 2-40 2-W 2-60
4812 0.05 -7 0.80 C8 1915 1,55 1 .50 1,0 ,,W5 I14 V5 243 0
4813 0.35 0-0 45 -W" C-95 aC.- 0.20 1-C 1-41.2i 1,6

I! - =- -# .-4 - 45

4&V ^-Z^6 -! -01 ,1 014-l 5 -D1W19-4 31 4 -5C-3Q'-4-' o550-7 , ' 1*2 -^116 z°
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TABLE V: [Continued)

F

flOtEL 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

r -~- -,,SRIES 5Z

47811 2:60 3:73 4,35 5-05 5-55 5.90 6,15 6-75 6-30 6-35 6-35

47812 305 4)0 6"10 7:05 7"45 7,60 7-65 7.70 7-70 7"75 7-75
"v.39 1, 8"35 e-1 8.9* 905 1 9.'1, 18 9-25 9.35 9-45

V4801 2.25 3-10 4-25 '85 5-35 5.85 6,05 6.30 6-.45 6-55 6-70
47802 3-20 4-0 6-15 6.75 7 * 20 7-50 7-70 7-90 8-00 8.10 8-15
47803 3.75 6.35 7-95 8-63 8-80 8-90 9 - =v 9-15 9.25 9.40 9.70
47804 4"15 6"15 9-30 9-90 10-20 10-38 10.55 10.70 1075 10-85 11-05

47771 2-65 3 - .50 5-45 5-90 6-45 6-80 7.00 6-90 9-80 6.90
47?72 33-30 4.90 6-30 7-10 7.50 7-70 7.65 80 " 8-10 8-20 8.25
4773 4.10 6-55 7-95 8.65 P-90 905 9-18 9-25 9-25 9-25 9-30! 47"74 4-55 7-4C0 9-30 9 " 1-" 16477o.574 9 .30 94, 10-05 104-5 10-30 10.3.5 1,0-42 10.50 10-65

477?5 5. -  9-10 10-95 11.-5 11-9? 11-75 11-65 11-75 11-90 12-00 12-20[O 47791 2-55 3-60 4-80 6-10 6-65 6-85 6485 6-95 7-05 7-40 7-80
47?92 3-20 5-OP 6.70 7.40 7-75 7-90 8-05 8-20 8-50 8-75 9.10
4'f93 4-0 6-60 7.90 8-05 8-85 8.65 9-00 9.20 9-50 9.75 10-15
47794 6-0 8-40 9-75 10.10 10-15 10-20 10-25 1-40 10-60 l .90 11.011 47795 6.80 9-0 11-10 11.15 11-15 11-0 1.65 11.90 12.10 12-30 12-55
47782 360 5-90 7.00= 7.70 8-10% 8-*70 8.30 8.25 8.25 8-35 8.60

47383 5.05 6.3W 8.25 9.10 9.30 9-30 9.40 9.55 9-70 9-85 10-05

47984 523 8-20 10-10 1 -10530 10.710-80 10-90 10-95 10-45 10.95 10-95
4M7-85 7.40 10"00 11.7 11.90 11.65 11-75 124 5 12.35 12.4?, 12.40 12.40

46651 13.- 18-05 21.05 22.05 21-95 21-55 21-15 20.40 19.65 18.85 17.9015 46552 10.05 14-20 17.10 1-7"45 1690 1655 15"65 15-20 14-85 14.20 13.70
46653 S30 11-25 1 4-0 14.55 13.60 12.85 12.25 11-65 11-15 10-70 10.20
4665-4 8-10 1^-'70 12-75 1350 12.80 11.95 11-33 10"8? 1020 9-40 8.65
I655i 9-A3 12-6? 15_65 16.60 1C_5 16-80 17.30 17.80 18-0 1800 17.8

466-2 7-35 10-0 11.95 12-65 12.60 12-60 12-60 12.55 12-65 12'80 12.80

40663 5-60 8-55 9-95 10-7W 10-70 10.65 10-45 10-30 10-15 9-80 9-50t 46664 5-25 6.85 8.45 8,90 8.80 8.25 8-45 8.75 8.80 8.50 8.15
466792 5- 3 6'85 8,35 9-55 9-65 9-80 9.90o 10.05 !0.20 10.35 10-40

- 46673 4*50 5-80 ?- = 7-70 8- C5 8- 10 8.-'- 7.,95 ?-95 8-0 9.i0

4664 3- 404. 5.60 6'25 6-25 .; 6-35 645 6--b5 6-55 6.10

746692 3-W2 b5-05 6 -IC 6.90- 7.33 7-53 7-50 7.-45 7-5C 7-75 8-00
A-1 46v63 -- -'-I0 34,3 4.65 5.,2N 5,.60 5-05 6-10 6-25 6- 6-50 6-65

? 4 '6,5 '30, -" -t -" . 1C A.55- 4. -90' 9 1C 5#25 5-45 5-55
4-59 2 3-! -1)S -0 4.-8 '- 5.7-- 6-3C 6155 6 -75 6.9o0 7 -,.V' 7.-C5 7.10A-51693 2,- 3-15 3-?C 4 4-45 4-5 4-95 5-10 5- 5-50 5-60

46694 2-10 2-55 3-05 3-45 3-80 1-' 4-25 4-40 4"V3 4-55 4-50

____ I2
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APPENDIXA

INFLUENCE OP LCG POSITION ON RESISTANCE
OF SERIES 63 MODELS IN HUMP-DRAG REGION

Four models of the Series 63, round-bottom utility boat series, were
tested in calm water to determine the influence of LCG position on resis-11 ance. change-of-trim and heave over the range of speeds where large wave-gmaking resistance occurs.

The models tested in this programi have nominal length-beam ratios ofSI3,4,5 and 6. A shorter, beamier model, having nominal 1/8 of 2.5 was not
included in the present program. All of these models were built by the
David Taylor Model Basin and had previously been tested for level-keel

~ I conditions at Davidson Laboratory. Full tesults ofl these tests and de.s-
cripticns of the models have been given by Beys in Davidson Laboratoryif eport No. 949.I A 10-station body plan and waterline and profile endings
are shown in Figure 8 of the present report.

~ if The models were tested at two displecement conditions corresponding
to nominal beam-draft ratios of 3.33 and 5.00. All tests were run in
Davidson Laboratory Tank iio. I (l3O'x9'x4.5'). Model resistance in the
horizontal direction was measured with a stiff-spring elemrent balance in-
corporating a linear-variable differential transformer whose output was
recorded by integrating digital voltmeters at the tankside control station.
The models we's. towed through a pivot box wtiose axis was on the asstgredp r p le#h f1x s e t c l f r c a p l e h o g h i o o

prop lle sh ft xis. A v rti al orce was app ied thro gh he ivo bo
and adjusted in magnitude so that the resultant towing force acted along 3

~ if the shaft line which had a 7.2 deg. slooc relative to the baseline, the
same as for the earlier tests reported in Reference 11. Irim and heave M:1were measured with heave indicators at the FP and A? of the models. A
0.04-11n. diaceter wire strut, placed 5 inches ahead of the FP to a depth

~ Iequal to the model draft, was used to stimu.late turbulence. Photographs
_ -ere taken of most of the test runs.

fModelI results are presented in Tables A-1 to A-Vl, covering the
following conditions.

-A K
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TABLE MODEL L/B B/T

-(-No!mina) _(Nominal)

A-1 4781 6 3.33

A-I1 4780 5 3.33 4
A-Ill 4777 4 3.33

A-IV 4780 5 5.OJ

A-V 4777 4 5.00

A-VI 4779 3 5.00

Model results of:

speed VM ft/sec

resistance PSI lbs

Reynolds No. REM VM x L pp/V I
Resistance Coefficient CTh R! wr(V)

Trim TRIM dog

Heave of Sta.5(amidship) HVE in

are included, where v = kinematic viscosity of water, p mass density of
aater, and WA = wetted area of model. These results are also presented

as dirensionless parameters: )

Length Froude Number F'L VM./"VL

Vol me Froude Number FND I/M/ 9 7

Residuary Resistance Coefficient RROD RR/1 1

A Total (Ship) Resistance Coeff. RSOD I
1/3where V A = (displaced voli) t/3  Residuary and total (ship) resist-

ance were calculated based on Schoenherr's (19497 ATTC) Friction formulation U
for model and hull. Ship predictions are for 100,000 lbs S.W. at S°F with
CA  0, comparable to the tabulations for Series 62 given by Clement and

Blount.3 the Reynolds number is based on L rather than reasured mean

wetted length, and the wetted area is assum d to be equal to the stillwater, 9
level trim value, independent of speed and initial or running trim. For

the speed range under consideration, these are reasonable approximations, fl t

and pnce the residuary resista ce is such a dorinant fraction of the total,

the influence is considered unimportant. A

-~~ ~~~~~~ ---- --- -mm . . . wmm - . . mm
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TABLE A-I

Nodel 4781 L/B = 6 (Nominal) B/T =3.33 Nm Ninal)

Model Characteristics: Lpp= 3 ft ; A = 9.21 lbs F.W. at 77°F ; V.A. =1.74 ft2

Scale Ratio = 16.75 for 100,000-lb ship in 59FS.W.; CA 0 for prediction of Rship

' 3 VM RM REM CTH TRIM HEAVE FNL FED RROD RSOD

ft/sec lb xl0- 3 x10 3  deg in

TEST I: LCG 2.27-in aft amidships (level trim)

3-98 0-343 1-241 12-85 0-65 -0-15 0-405 0-966 t-5 0- .10
5-74 0-2 1-0 14-2 3-12 -0.05 0.584 Z.393 0.0621 0-741
7-53 1-008 2-348 10.55 3.50 0-10 0.766 1-827 0-0704- 0-0902
93 1-202 2.907 8-21 3-20 0-21 0.949 2-262 0-0729 01024
4-65 0-596 1-4V-% 16-36 2-24 -0-18 0-43 1-28 0-4 0-655-40 ^0747 1-684 15-20 3,-07 "-*12 0-550 1-*3 10 0- Wre7 U-,,04

3-.59 ^- 2-%' 1-120 11-79 0-62 10 -09 0 -365 0-871 u00176 O 0226

-3 43 0-46Z 1-350 It.-65 1-59 -- 10 0-441 1-051 0-0360 O-d430,.Mo-54 16o. 25,-^-2 0D
4-96 1153 0-0634

TEST 2: LCG = 4 .C7-in aft amidships

4 -6.5 0- 719 1-450 19.3 .3-83 -0- 11 -473 1-1W8 O I -

4-91 %- 96  1-238 1491 242 -- 04 0-963 0-0308 0.=068
5-40 0868 1-684 17-66 4.57 -003 >3F4 j3

1  f0729 C-35
6.46 0.992 2-015 14-11 4-89 0.09 065r 1-A68 0.C781 00930
4-33 0-20 1-5W 16-46 3-04 -0-09 0-441 1-01 0.041 , 0.0492
7.53 1.101 2.-48 11-52 492 0-25 0.766 1-827 0-0505 01003

TEST 3: LCG 0.47-in aft am dshipsp
4-63 0-522 1444 14.45 025 -030 0-471 1-124 -405 0.045
3-98 0-17 1-241 11-88 -1-15 -0-25 0-405 0.966 0-0221 -. 2

5I4 --0 1604 14.41 0-9 -0.39 ^-550 1.310 0.0555 006
4.99 0-621 1-556 14-80 0-80 -0-31 0.5m 1-211 0-0489 O.0C.1
6-4? o-C68 2-018 12-30 1.78 -V-21 0-55 1-& 0-0646 ^-0.0
7-54 0-994 2-351 1r 3B 2-31 1-0-8 0--7 1-8-0 0-0688 0.C835

TS4: lG 58-in aft amidships3 3-98 0- 1-241 19-48 4-53 0-05 0-406 0-9 0-4 0.0502
4-64 0-986 1-447 27-18 6-31 0-1? .472 1-126 0.C908 0- e88

5-4C 1-216 1-E84 24-V 7 .11 0.28 0-560 1-310 0-16 .11---
Sa4.32 0.753 1 -'4 7 23-94 . 5 012 0-440 14480! ~Cfl ^ %11:n

5*00 1-149 1±-559 27.2? 6.65 -20 W04"D 1.213 0^1=61 0.15
M&



R- 1667 I

TABLE A-11 a

Mode! 4780 L/B=5 ( Nomr 1inal ) 81Th3.33 (Noreirial) A
Model Characteristics: L =3.00 ft ;A=13.26 Tbs FAJ. at 760F W.A. =2.08 ft

Scale Ratio =19.43 for 100,000-lb ship in 590F p;W;-= o rediction of F

VM RH REM CTH TRIM HEAVE PaL FNO RROO RSO)
fft/sec lb dX06  x 103  deg in

;LTEST 1: LOPG =2.27-in aft anidship (level trigs j
7-53 1-685 2-319 14.75 4-45 %*0A 0.766 1.70 0W-';945 0.1114
6.73 1-4A0? 1.765 21-27 4.15 -0.16 083 1-=0 *00 C 0-09 64
11 -112 2-38:2 3-422 9.58 6.23 0.*53 1.-131 2.5v7 01136 0,1484
3.25 0.264 1.001 12.41 0-W 47.z 0.331 0.742 00128 0.0164
9-32 1-%85 2-871 11-34 4-37 0.*30 094 2-1m 0.1018e 0Q'1m6
4.59 0-921 1-445 20.?S 2.10U -0.33 0-4?? 1 -072 9-355? 0-060
8-59 1.88% 2-61,6 12-70 4.19 0.-15 0.974 1-962 0.1011 C.1226
3- 9? 0- 458 1-223 14-43 0.64 -0.14 0-4C4 C0-907 0.0244 C'4295
6.46 1.55&9 1-990 18-54 4.35 - ,'.C09 0-657 1-75 0.09Z) 0.1056
8.95 1-88? 2.757 11-69 4-35 0-25 0911 2.044 0.09T 0;1210

11.50 2*840 3-542 1*0'56 7-06 0-53 1*170 2-626 Ct A438 0.1810 f
10.02 2-154 34286 10.65 4.92 C-31 1.023 2-266 01C77 0-13641

TEST 2: LOCG -= 4 -07-in aft asidshipt

5.-ZO 1-635 1-660 37.94 6-64 C0.03 005 -'3 0105 6 011 e L
3.6 .23 130 5.09 2.72 -030 0332 0.745 -2jfl C08

.06 1.138 .445 2559 5.25 3.9 0.477 1.0-71 C.0720 .. C90
6.40 1 -990 22.16 7.30 -38 0.6W? 1-475 0.1159 0 -12951
z.- 8 1-22G 17.52M 3-290 --a4 0.0 09W3 0=19 ^-03-71
6.1 1%^p 80S9 1-8-79 24-13 7.2 0. D33 0.-m 1'-393 0.1142 0.,1266 7
?_53 1.98S3 24-319 17-36 7*~ 0.42 0*766 1--M- 0-117rt0 C03-9 a
5-'?4 1*'m '176 Z---94 s.-rs *:l 0~ -,9&s 1311 i-110 C-1201
4-32 0-84's 1.331 ;_*-56 4-3?' C-11 W'44 0MW? 0.0621 0.4581

7EST 3: LrCC= .jr- aft aaidsnp
4.32 1-02B 1--331 27.31 6.83 0.3C9 0*440 0.w W.25 .01

3-25 66 104 1~ ~ 3 01 0-3U2 0-745 0-02Z7 ^.-Dzw
2-73 .5 1.765 ZIS.50, 9.83 0-41 0.583 I.C C-.475 .15'4

6-45 24289 1 -W7 27.31 104i 0. -70 0-056 14 47 3 2-148* 0 *1W0?
5-39 2- 112Z i.6m 36.53 9.71 jW.36 0-1-%0 jw-.. C01435 p 015Ma
5-02 189 156 36-C-3 9.1 CS 011 1. 0.12Z3 0-13=2
4-69 1-483 .1445 33a4Y 8-09 C-22 0-4-77 1 *'?-1 0.eSSO 0 . 00

Co9 069? 1-225 22-84 6-34 0-a3? C A406 fl.9 COZ 00475j

TErST 4: LW 0.47-En aft ar_-ids!.ip

4-32 0- 6345 1.33 16.86 -153 -0-41-: 0.440 0z3,9? G0.0360 0.0419

3-26 0-256 140&4 11.96 -20 15 -10-25- 11-332 0-745 00m2 0-05
I~f 1.S 1. Z111 1.69 --0.41W .w8 4&30 0sir 3.Cgw

6&46 1.480 i-990 17-60 2.0 -027 0.-6-W 1-475 0rs e W-' ; sr
7-12 1-615 2.212 TL 5 r.-; -15-22 0.f7Z1 1-642 .~V2a Q*1074

L "~240 l'4 240 051. --2-46 0-tll 1-146 *.s0704 0-08
4.69 OF- 916 1-445 ZC.6? -- iS -0-45 0. -4 1e I1471 .055 4 W m

CAW tZ uw I-6 - :.zO w

A.c
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TABLE A-IllI1|
Model 4777 L/B=4 (Nominal) B/T =3.33 (Nominal)

Mo<del Characteristics: L 3 ft; A 20.72 lbs F.W. at 760 W.A. = 2.61 ft2

Scale Ratio = 16.75 for iO.000-lb ship in 59°F S.W.;CAO- for p-ediction of RshiA snip

£ VI RMH RD-i CTm TRIM HEAVE FNL FND RROD RSOD
I ft/sec lb ; x10 3  deg in

TEST 1: LCG = 2.27-in aft widship (level trim)

3.97 C-683 1.2 17.14 w.24 -045 0.4C4 0B2 U.0248 0-0290
5-73 2-?3 1-65 33.0 5.21 -0.35 0.583 i215 01163 01247
9.54 2-955 2.22 20.56 5-73 -02 0-767 4599 0-1164 0.1304j 9-32 -3-433 2-871 15-64 6-2S 0.4? %-949 1-976 01272 O * .14F
4-9 1-402 1.445 25-22 2- .- 41 0-477 0^99( 00568 30C24
6-46 2o826 1-.99 26-79 5.7? -0-11 0-657 1,370 0-1166 0-1271L5-38 2-413 1-657 32.93 4.89 -0. -32 0.548 1-141 0102 0. -109?

FV2 1-9^02 1-546 29-86 3.75 -0.32 0.511 1.061 0^-073 0.0808P

TEST 2: LCG = 4.07-in aft omidship

3-98 0-794 1.226 w9-8a ;1
5-73 3-118 1.765 3757 8-5 04 -5 1-215 0-345 -1429
7-54 3455 2.322 24.04 9.34 .40 0-75? 1- -145 -1545
6-46 Z-247 190 3. 8 0858 0-*0657 1.3'c 01W 017
536 2-904 165? 39.9 7? -0-0 0.548 1.141 0.-5 0-13
5.01 2.255 1.543 35.-.Z 7e29 -. 0 013 10s0O~i 012Sm

" TEST 3 LOG = 5,87-in aft midship

39? 1-048 1-223 26-1 7-30 0-1 0-404 0-842 0-124-73 4-110 1-75 49-52 11-9?. -8? 0-8 1.215 t-.1s24 0.1908

S6" 4"29" 1-984 41-' 12"fl 0-80 0-5 1.365 0.1877 0.1961
--'92 1-65? 51-8 11-51 0-41 0-4e 3-141 -18 0-17 25.01 2-876 1-543 45-33 10-50 0-36 0-o 1-0-2 C-123 0-

4.6 Z- 2 1-4 4 --.1 9.56 0.29 0, 476 09 ? .9 3 0 1 2

j TESTT4: LOG =.7naf t amidship

3-s32 C-6i 1-226 17-26 -2-70 -0-.47 0*405 C-844 0C251 002945-7 26 46 1 - -w z2.2 2-43 -e0 1.20, 0-1119 0f- 2- 2
1~ j 7.5 .1 2.3,22 2-.90 2-l -. 9 .6 .59 0194 0lo5-01i 1-.f 1-543 29-54 -. 40 -05 0510 1-062 0-079 0

5-37 2 - _15? 1-6584 32.m3 1-77 -.9 0.84? 1-138 0-C996 0176-44 240D9 1-9S& A67 .1 ~ "68 [35 01W 016V -W 2

C-655 1 Z~ 1,5
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TABLE A-IV
modjel 4780 L/8=5 I m;-aI B/T=5.GOv (Nainal) 1

Model Characteristics: I 3 ft ; a 7.35 lt F V.14. at 7$0F ;W.A. 1-71 ft

kScate Ratio = 3.65 for 100,000-lb ship in 590 F S~= for rediCt ion ofRr /f Pli REM c0Th TRIM HEAVE P1K FN RROGD P$OD0
ft/sec lb ?.0-6 xl$ depi

TEST 5: LOG 150-i aft amldst'lp ieve' trn

4-32 *1 365 j.331 jlin 1  11-a,.89 -

3-Z5 ^.147 1-001 8*40 0 .11 -13 0-331 C-819 095 O lt5.7 0.Bl 176 12.30 2-188 -14 .0.U4 1-446 0068 076
5*03 0-62 1'649 1Z-41 2.2? -C.21 0-512 1-267 C 5,53 3 0-3646

6~6 .76 -90 1094 3-0 -0-05 C VW I t-6 M -066A 0.08*
7-1? 01-846 2.2:Z 9-4? 3412 0.09 0-0656 1 80 dOsWeeis8.24 C-890~ 2-533 7.91 a3.9 0.2 '-S 2 --477 0-063 00
9&32 1070% 2.871l 7.44 37"10 0-19 C-949 2-34b 0 -074,q 11!0 3

TEST 6: LOG = 3.78-irs aft anidship S

4.32 .5 1-=3 13-43 2.I9-? 0cl1 ^Ile i0 0089 0W
3.5 0-169 .Oi 9~6 1-62 -0.0? u32071 002 ~n5674 0*.713 1-766 13.0? 4-49 002 -0.8 p4 0&s -e6-0 0570 1'4s 3-o C00 -0-5"41 1,46 0.0654 _,-can

6-46 0767 1-990 11-0 4 0.72 ^12 063 1-2 -79 089

7.89 0-410 2.430 3 506 02 .03 19s 0073 0073-97 C'295 1.223 13 2.34 0.-t 46 103 002 02

TEST 7: LCO 5.58-in aft aidship

4-32 r57~~33~ 18.44 5.02 ^004 04 -8 ~~o c ~---26 C-211 -.00-i l9 3.32 00 .3 -2 ~ix 00-4 0-565 1-.fl8 1.5.85 6-67 c;3 -84 146 0.0382 0-Ior,5-46 0.922 1.99 %33 -2 046 0fS ,8 -86 0i

747 0924 2-2M6 11.67 7.06 0U4 -733 14? 0 c091- 0 113%a -4

3-9? V-aa 1-223 15-2s_ 429 CIOS 0-4C4.59 .~6

TES5T 8: LCG- 0.18-Inr aft am'tcshzop

4-32 0-305 1.33, 11.10 -01,r --Z 3.4 1.08 PI0~ MW3
7.89 0930 2-4W0 90 ~ 1 -. 1 .0 -e C-U'f 40 010z
5,74 -.531 1 US6 f-62 1.26 oa 8 1-446 ^0-56D, "0271a5 -2 0-SZSB 1.645 12.1? OF 0 -3-5 0.511 -Z 0-0W 0 a57

3.2 0-24 -001 7-49 -1-46 fl 033 .819 0.061 411[C0236 1.223 9*34 '-1.0 "0'.3D '4tC4 1'3 047 OwZ~2-2 9 Wf 18 -023 073c 43 000
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rTABLE A-V

SModel 4777 L/8-4 (%l9m;nal) BIT 5.00 (crinal)

I =Model Characteristics: L 3 ft; A = 11.48 lbs F.W. at 76 F ;W.A. = 2.14 ft2~pV

Scale Ratio = 20.39 fr I00 000-lb ship in 59F S.W.; CA--O for prediction of P

M RM REM ?TM TRIM HEAVE FNL FMD RROD P.5OD
ft/sc lb x10 -6  x103  deg in

TEST5 LO = 1.98-in aft aidship (level trim)

3-99 ^-332 1-226 11-64 0-43 -0-25 0.4. 0^.931 =00211 0-0272
5-72 1-121 1-7a 16-55 3-70 -0-16 0-582 1-338 0-4742 0-0861

1.54 1.= 2-Z22 11-2 4-18 0-C. 0-767 1-764 0-76W 0-0961
46-4 1-213 1-90 144.2 4-12 -0.03 0.657 1-511 0-764 0.0913

1-- - crc 1445 i6-93 2-4C -. 2 0247? 1- 57 0.0509 0-.91
5-0z 0-890 1-5S6 17.04 3-04 --- 2 0.511 1-174 0-0590 o-DM3
6-11 11 1-82 14-99 4-10 -0-07 0-622 1i429 0-074 -S
4-33 0-551 1-334 14-18 1-42 -0-24 0-44-1 1#013 3.0338 0-0409

Z

TEST 6: LCG- 3.78 -in aft a.id45bip

3-98 0-4190 1.226 12-75 2.5 -01 045 -31 0044 0-OW4
W-73 1-219 1-765 17.91 5,71 0-08 0 -5b$3 1-340 0-4826 0-3946
7.5u 1-421 2-32Z 12-05 6.23 0.40 0-?7 1-784 ®r0650 0-1049

I5~,01 1-028 1.5 19-75 5-21 0-2 0-510 1-172 ^-C711 -40!° . 0.3 I- 45 19-59 4.61 -0-02 0-4?7 1-C97 0-064 0.0696
4-32 0-624 1-331 16-13 3-3% -0.05 0-44 1-011 -040 0-0473

TEST 71: LC'S 5. 58-i9n aft mildship

3.97 0.567 1-223 17-97 5-15 0-16 04C4 0-929 0-3 0-0451

21-85 8-6 04 0.4 j.fj -54 1 - 29-. 2= 1-S25 9-0 0 0-767 1-7C4 0-1178 0-1-7
4797 1-278 1-531 241-96 7-W9 0-W 0-.5c 1-15-3 t0-0931 0-10.=
4-67 1-5 1 4.8 25-11 7-02 0-25 0-5475 1-CW 0-2 0-0908
4-33 0-840 1-354 21-62 6.06 321 0.441 1-1. '0-- 59 0.0661

if TEST 8: LOG 9.18-in aft a-idship

3-97 10-376 1-223 !11.51 -1-85 --.et A-c A -929 207 0-28?
5- 72 1-146 15 7 16-9D 1.n -0-43 ^e-=8 1-A ^-'w764 -6
7-53 1-.. 2.319 -,-5 1-94 -2 0-766 S-E2 0.084G7 0 -1045

4-9 0-665 1.53? 16-76 0D-4 % G5~13 -0.42 0.518s 15 007 0S06
5-3 - 1-57 1704135 ^06 -475 1-02 D.0-6-9 e0=V TZ5

6-6 2 O 191-- -75 -0*- %,-w7' 1-5111 -1 8%9
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TABLE A-Vt ft-
4770 = 3 (sin-ai) -:T = ( na

Characteristics: L - =20. lbs V. at 76°F ; W.A- 2-& 2Model -

Scale Redo 16.83 for 100,00-lb ship in 590F S.W.: -= fc'r prediction of R -.Asnp

Vo P T.E$ m Im HEAVE Fl P4D RROD .S00-
ft/sec lb x!(f6 xi0 en in

TEST i. LCG = 1.98-in aft isbip (level tris)

3_97 --6? 1-M X- 1!Da ^-135 C 04 2 -.44 084 0021 0
o-73 2-I 1-M6 W 31 5-96 ,-C. 37 0-.593 1-228 -18 .2I.79

7-3 .845 2-.319 125 61? -09' 0-.l 1-.&C 0-110-4 C-22 --
8-.2 2-143 2-5 1-3 &-3 0.21 0-6 1-e=1 -' C1_-

-8 2.,1 ,.e. 2.51 ,6-2, -n0-37 0-3 -4 0-1.= 0 -,2.-
^ 1._ t .,

6-46 2-482 1-990 25-11 6-42 -0-07 0,.65?r 137 %.19 m -
6-10 2-806 1-'8'9 27-42 6-Z -4 0-62i !497 _-173 a '2
4-60 1-4S3 1-44 24-51 2.59 -e-av 0.riFl ;I -ti -c

TEST 2: L = .7S- r.aft. a=idshi-s

[1____-

743~~3 014 2.1 ?2-V 8W3055 C-h 1.6=0 0- 2 55 -14M
-E4t -2 =1 134 -. 17C! C-34k3

M-49 -0-12 -S 1.446 -. 12C4 0-12n
4~ -69? 'a L7 -4 26-56 5-67 -0-21 0O-M7 - 9 0-68 7.W
6- 17 -03 1-9=- 29-02 8-41 -0-C6 C62 311 01B C1i
M9 0W:s2 1 -n 127 4-f )40 0.44 -Q14 C402733 0'2.2-Z

TST 3: L CG = 5.58-in e ft ac i ASidas

?.-W 4-1.9 2-319 Me 12-27 0O6 57~ Q 107 era,3Q_ *
1-657~1 -4-4 s.-...s 0 Iff

4-6B 2.122 165 a442 3-si 1096 -2 068 115 017 >

8-81 4-160 2-',08 26 1S .6 0 -# -r 12
6-C9 3-2 1-876 =A,21 -0 0 49 19 3'?l -87

us4: U 0.1z8zi: aft

3-94, 0.729 1S 1 162m -24 -47 0- C-4____ _ 4
L_ 75 2-88- 1-765 -14' 3,?Z -ar '12f3 ~

Zr.4 7-. Wa a- 2C-9 - z . -zetaZW t ----

6-82 - -'M ZZ.2 - z -Cfs -;
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For most ad hoc hull forms, tnis may be simply assumed to lie at the

middle of the ranne of values exhibited in Figure 17, namely rLUr

4.5 percent aft of, and this may be asstpmed to correspond to the

optimum position. If, however, the designer, by virtue of his exper-

ience and knoviledge of test results for a huil form. sufficiently si'milar

to the ad hoc form, considers that the "standard" LCG position corresponds

to some other value and is not exactly optimum, Iv-- may develop alternative

procedures for applying the corrections for variations in LCG position.

For instance, if the ad hoc form is similar to a Series 62 model, withn z

L/B 'v 3, it- may be better to assume Eq. (6) applies foe the "standard-

LCG position about 5- /4 pp~rcent aft of a and that it is not exactly

optimum, and use the results described I;elow to estimate the variations

in R1.IA for variations in LCG/L from -. 0575.
pp

Data (Y..A for 100.000-Mb. ship in 59 F S.W., C A 0.0) for models

of Series 62 (Ref. 3) and Series '63 (Appendix A of this report) have been
tabulated f~orn faired curves for the conditions of displacemnts, and L',G

position available from these tests fo an o ., .,15
1.7 and 1.9. There are at least 4, and sometimes 5, Lt.- positions for

each of 20 model-displacement conditions. Least-squares curve fits of

these data according to the equation

I - ~standard ~+~ BI

where

is the value of -)corresponding to tti2 "standard"3
' standard

LCG position

and ____standard_ (6 is positive if the LUG Is aft
6~~~ pp0 Ltsadr~ of the standard LCG)I

for each of the 14 or more model and displacezient cond;tions at each
F V (some model variations did not exte'nd to the highest F 'VIs, due to

danger ol swamping the model during start or stop of test, or for other H

reaSons).

-at.

[1 - __k
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The application of the form of Eq. (8-1) was suggested -y carpet-

plotting of resistance data, as illustrated in Figure B-i, for Series 62

1/3
Model 4666, with L/V = 5.082. The iso-FnV curves are roughiy para-

bolic fo' this case and others as well. it may be noted that the optimum

LCG oosition for this case is about 8% aft of the centroid of A (the
p

area of the chine projection on a horizontal plane), aad not at the 4%

value used as the nominal standard LCG position. This is true over most

of the speed range except at the extremes, Fnv 1.0 and FnV 2.0. TneII optimum LCG depends, in general, on the displace-ment and other hull form

coefficients in addition to the speed.

The a, 8 and y coefficients have been aaalyzed to determine their
1/3

dependence on hull form coefficients L/V and ie for each Fnv. The

mean value of a is negligibly small for all Fn which gives R /A=PJA

'$Or LCG = LCGstandard'

The 6 and y coefficients dependence upon hull form characteristics

have been approximated by the following equations:

=38 + a2 X + 63U + aXU + 0 ,2 + a6U2 + 5UX2  a XU2  (3-2)

y=Y+ Y2 X+yU+yXU + y5 X2 " + -Y7 UX2 + YXU23"

where X = V /LWL and U = as for Eq. (6). Values for the 0i'se'
and yi's for five Froude numbers, Fn = 1.1, 1.3, 1.5, 1.7 and 1.9, are

given in Tables B-1 and B-I. The 8. coefficients have been derived

using the data for Series 62 models only. For Series 63, the values

of 8 are rather small and ma',y be neglected.

For application to ad hoc forms, it is suggested that the coeffi-

cient 0 be omitted; tiat is, assume that the "standard" LCG pos"tion

corresponds to the ootin-rwn. This approximation is expected to be ac-

ceptable for most cases for Fn- betweer '.0 and 2.0, but does not hold

for Series 62 models, rspecially for the shortest model of that series.

Chances in resistance due to changes in LCG position should be

considered to be influences on residuary resistance and, hence, not de-

pendent on cr. Ct size (Reynolds number).

43-



The application oil thase equations to a particular hull formi

isillustrated in Figure 21 for Series 62 midef s665, test 3, which
has L 11 3.6 and the assumd "standard" 6- LCG/L -- 6.5.

7t

CL A

ILit



TABLE B-I

COEFFICIENTS FOR ESTIATING VARIAT I RESISTANCE

14 (ATtandard

3 Coefficients (for Series 62 only)K 'X '7
1 /LUj2

Coeff Miultiplies Frm= 1. 1 1.3 1.5 1.7 1.9

01 ~ 0.06266 0.11387 0.26617 -0.03665 -0.17794
02x -1.44723 -2.890942 -2.14275 - -0.22876

U -0-C-7)7 -0.01237 -0.06276 -0.05139

6.4 XU 0.28849 0.57726 0.48763 0.22880-

As 
-7.63330

86 V. 0.00412 - o-.00368

$7  IA2  0.02496 0.09913 0.23579 0.73419

as XIJ2  -0.0o1443 -0.03025 -0.03469 -0.02065 0.00374

f~

RE4

3E

EE, 

-~
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TABLE 8-1

COEFFICIENTS FOR ESTIMATING VARIATION IU RESISTANCE
FOR VARIATIYA IN ICG

RI

ttandard

Coeff iMultipiie! F~ .3.c

yi -0.01147 -0.02147 -0.02789 0.05502

Y2 X- -0.1-525 -0-32487 -G-15222

Y3 0.001:18 o.oo814 0.0037 -. 00 -0.01430

Xli -0.02294 -0.03942 -0.01197 0.03516 0.04318

YSx0.56067 0.-98997 0.95193 0.93321

I r0.00039 -0.00064 -00037- .0096

Y7Uv 2  -0.06164 -0.11365 -0.10312 -0.09722 0.01656

-a Xleooo~ 0.00 oo448 0.00278 - -0.00347

tj

Ie77
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0 COMPUTED BY PLANING EQUATIONS (REF.I)

-TEST DATA (RER3I

LCGO 'eLCG4%0.4 ....... ...----- 8

-I1 L L ~ -------- -

jWL -a LCW

LrrNonA .- ._____....___________0_

i'pV10.O "IO000B

LC -c % 
-

-12
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0NPL(R.4
fl NORDSTROM (REF. 7)

<> DEGROOFT 'REF 8)
/\SSPA (REr. )

CS SERIES 64 (REF. 10)
JSERIES 63 (REF.,)

70 7SER-ES 62 (REF.3)

50

~307 7

20 0jBuNS 
AL.A

10

4 10 12 1-4
LWL / "

1U3FIG. 11. RANGE OF VAMiATION OF io AS A FUNCTION OF L*,L/V
FOR MODEL3 SE IN DEVELOPiNG RESISTANCE- ESTI A71NG

EQUATION
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i

1.0 -I

0 NPL 6REF. 4)
Q NORDSTROM (REF. 7)

QB - V 7 Q ECROOT (REF. 8)
7 7 A SSPA (REF 9)

A I j SERIES 64 (REF. 101
I J I J SERIES 63 (REF. 1)

0.,]7 SERIES 62 (REF. 3)

0O O000000

? 0.4 CS0 ts'

\ El I o o o BOUNDS OF APPLICABILITY

Io o £42~ 0
00 H2 

14

F L
FIG.12. RANGE OF VARIATION OF AT/Ax AS A FUNCTION OF LWL/V"

FOR MODELS USED IN DEVELOPING RESISTANCE-ESTIMATING: EQUATION °F
I
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'00

0.20
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FIG.Z 2!a COMPAIRISON- OF PIREDICTED RESISTANCE ACCORDING TO
DERIVED RESISTANCE- ESTIMA rINc EQUATION AND TO
PLANING EQUATIN WITH MEASUREMENTS FOR MOtEL
4665 OF. SERIESz 62.
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0.22 0LCG 0% AFT VLC"G 4 % AFT OF CENTROID

1 0OF CENTROID I OF Ap (STANDARD)
0.20- OF Ap

ale8 EXPERIMENTS I
Q16 EQ iS)

0.14 PLANING EO

0.12 - .

LCG 6 */AFT OF CENTROID LCG 8 % AFT OF CENTROf 0

Q11;

RT E016S) CORRECTED
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